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ABSTRACT 


In  order  to  eetabllsh  important  design  criteria,  tensile,  compressive, 
bearing,  and  shear  properties  have  been  determined  for  the  following  materials 
and  conditions:  (l)  14s-t6  aluminim  alloy  sheet  (clad)  at  room  temperature 

and  at  elevated  temperatures  ranging  from  200°  to  600°K,  for  exposure  periods 
between  0.5  and  1000  hours;  (2)  24s-t8i  and  24s-t86  aluminum  alloy  sheet  (clad) 
at  room  temperature  and  at  200°,  300° > and  400°F  for  exposure  periods  between 
0.5  and  1000  hours;  (3)  FS1-H24  magnesium  alloy  sheet  at  200°F,  for  exposure 
periods  of  0.5  and  1000  hours;  (4)  75S-t6  aluminum  alloy  sheet  (clad)  at  200 °F, 
for  exposure  periods  between  0.5  and  1000  hours;  (5)  cold  rolled  titanium  and 
annealed  titanium  at  200°F,  for  exposure  periods  of  0.5  and  1000  hours;  and 
(6)  RC-I3C-A  titanium  alloy  at  room  temperature  and  at  temperatures  ranging 
from  300°  to  800°F,  for  exposure  periods  of  0.5,  100,  and  1000  hours.  A com- 
parison was  made  between  the  tensile  data  and  the  data  on  other  properties  in 
an  attempt  to  formulate  a method  for  estimating  all  other  elevated  temperature 
properties  from  a knowledge  of  tensile  elevated  temperature  properties  and 
room  temperature  values  of  other  properties.  The  conclusion  was  reached  that 
the  various  properties  are  not  related  in  a simple,  consistent  manner. 

Test  specimens,  equipment,  and  procedures  are  described  in  detail.  Test 
results  are  presented  in  the  form  of  tables  and  curves  to  illustrate  the  effect 
of  temperature  and  exposure  time  on  the  mechanical  properties  of  the  various 
materials  under  investigation. 
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DE'l'ERMINATION  OF  PHYSICAL  PROPERTIES  OF  VARIOUS  FERROUS  AND  NONFERROUS 


STRUG IltRAL  SHEET  MATERIALS  AT  ELEVATED  TEMPER ^ Tt.TRES 
I.  INTRODUCTION 

This  program  is  a continuation  of  the  investigation  of  the  mechanical 
properties  of  various  ferrous  and  nonferrous  structural  sheet  materials  at 
elevated  temperatures  which  was  begun  by  Armour  Research  Foundation  (ARF) 
in  November,  19^9>  under  Exhibit  A,  Contract  No.  AF33(03S) -868l.  The  pur- 
pose of  the  investigation  was  to  obtain  certain  data  needed  for  aircraft 
design.  It  was  also  desired  to  find  a correlation  between  tensile  properties 
and  compressive,  bearing,  and  shear  characteristics  at  room  and  elevated 
temperatures,  with  a view  toward  establishing  methods  by  which  important 
physical  properties  can  be  predicted  when  little  data  are  available. 

Yield  strength  and  ultimate  strength  data  were  considered  to  be  of 
primary  importance.  Modulus  values  were  also  determined,  but  the  test  equip- 
ment lacked  the  refinement  necessary  for  precise  determination.  Values  of 
the  tensile  and  compressive  moduli  of  elasticity  and  compressive  tangent 
modulus  graphs  are  presented  solely  for  the  purpose  of  indicating  trends. 

They  should  not  be  interpreted  as  exact  values. 

The  present  volume  is  the  fourth  report  published  since  the  beginning 
of  the  program.  The  previously  published  reports,  descriptions  of  which 
appear  in  Appendix  E,  are;  (1)  AF  Technical  Report  6317>  Part  1,  "Deter- 
mination of  the  Physical  Properties  of  Nonferrous  Structural  Sheet  Materials 
at  Elevated  Temperatures,"  December,  1951;  (2)  AF  Technical  Report  651? > 

Part  1,  Supplement  1,  "Determination  of  the  Physical  Properties  of  Ferrous 
and  Nonferrous  Structural  Sheet  Materials  at  Elevated  Temperatures,"  March, 
1952;  and  (3)  AF  Technical  Report  691?^  Part  2,  "Determination  of  the  Physical 
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Properties  of  Ferrous  and  Nonferrous  structural  Sheet  Materials  at  Elevated 
Temperatures,"  December,  1952. 

The  physical  properties  of  structural  materials  are  known  to  be  in- 
fluenced strongly  by  temperature.  Generally  speaking,  temperature  effects 
may  be  placed  in  two  categories: 

(1)  Changes  in  properties  which  depend  on  temperature  alone  and  are, 
in  particular,  independent  of  exposure  time. 

(2)  Changes  in  properties  which  result  from  heat- induced  structural 
alteration  of  the  material  and  depend  on  the  length  of  exposure  as  well 
as  on  the  temperature. 

If  a material  tends  to  soften  progressively  and  becomes  more  ductile 
with  continued  exposure,  it  is  said  to  anneal.  If,  on  the  other  hand,  its 
mechanical  properties  improve  when  it  is  exposed  for  a certain  period  of 
time,  the  material  is  said  to  precipitation-harden  or  age-harden.  Time 
effects  and  temperature  effects  were  the  primary  factors  investigated  in 
the  sheet  materials  testing  program. 

II.  OBJECTIVES  AND  SCOPE  OF  INVESTIGATION 

The  specific  objectives  of  the  phase  of  the  program  covered  by  this 
report  were : 

(1)  To  determine  the  compressive,  bearing,  and  shear  properties  of 
four  aluminum  alloys,  one  magnesium  alloy,  and  three  titsinium  alloys  at 
room  and  elevated  temperatures,  for  various  exposure  periods. 

(2)  To  correlate,  if  possible,  the  above-named  properties  with  tensile 
properties  determined  under  corresponding  temperature  and  exposure  con- 
ditions . 

I 
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The  temperature  and  expoavire  conditions  under  which  tests  were  conducted 


are  indicated  in  Table  1 for  the  various  materials. 

Table  1 

SCHEDULE  OF  TEMPERATURES  AND  EXPOSURE  TIMES 


Material 

Temperatures,  ®F 

Exposure  Times,  hr 

Clad  14s-t6  Aluminum 

79,  200,  300,  400,  500,  600 

1,2,  2,  10,  100,  1000 

Clad  24s-t81  Aluminum 

75,  200,  300,  4oo 

1/2,  2,  10,  100,  1000 

Clad  24s-t86  Aluminum 

75,  200,  300,  400 

1,2,  2,  10,  100,  1000 

Clad  75S-t6  Aluminum 

200 

1/2,  2,  10,  100,  1000 

FS1-H24  Magnesium 

200 

1/2,  1000 

Annealed  Titanium 

200 

1/2,  100 

Cold  Rolled  Titanium 

200 

1/2,  100 

RC-I3O-A  Titanium 

200,  300,  500,  600,  300, 
1000 

1/2,  100,  1000 

I 


At  each  of  the  conditions  listed  in  the  table,  the  following  mechanical 
properties  were  determined; 

1.  Compressive  Yield  Stress  {0,2%  offset) 

2.  Modulus  of  Elasticity  in  Compression 

3.  Tangent  Modulus  (Compression) 

4.  Bearing  Yield  Stress  {2%  offset) 

5.  Ultimate  Bearing  Stress 

6.  Ultimate  Shear  Stress 

7.  Tensile  Yield  Stress  {0,2%  offset) 

8.  Ultimate  Tensile  Stress 

9.  Modulus  of  Elasticity  in  Tension 
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III.  MATERIAL  SPECIFICATIONS 


Materials  for  the  elevated  temperature  testing  program  were  either 
ordered  to  specifications  by  ARF  or  furnished  directly  by  the  sponsor.  Com- 
pressive, bearing,  and  tensile  tests  were  performed  with  sheet  specimens 
of  0.064  inch  nominal  thickness,  while  the  shear  test  and  its  associated 
tensile  test  were  conducted  with  specimens  machined  from  3/l6  inch  nominal 
size  sheet.  Data  on  the  compositions  and  room  temperature  properties  of 
each  material  are  summarized  in  succeeding  paragraphs. 


A.  14s-t6  Aluminum  Alloy  (Clad) 

The  14s-t6  clad  aluminum  sheet  material  was  procured  by  ARF  to 


Federal  Specification  No.  Q.i-A-255  from  an  Alcoa  distributor.  It  was  fur- 
nished in  the  heat-treated  condition.  The  t6  designation  indicates  that 
the  temper  of  this  material  was  produced  by  solution  heat  treatment  followed 
by  artificial  aging.  Tests  performed  at  ARF  indicate  that  14s-t6  aluminum 


alloy  has  the  properties  and  composition  listed  below: 

Nominal  Chemical  Composition 


Copper 
Silicon 
Manganese 
Magnesium 
Aluminum 

Mechanical  Properties 

Tensile  Strength,  psi 
Yield  Strength,  psi 
Modulus  of  Elasticity 


Per  Cent 
4.4 
0.8 
0.75 
0.35 

Balance 

of  0.064 -inch  Sheet 

63.200 

57.200 

, psi  10.6  X 10^ 
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B . 2US-T0I  and  243-T86  AluKinun:  Alloys  (Clad) 

The  24s-t81  ani  2Us-T86  aluminum  alloy  sheets,  which  were  procured 
by  ARF  from  an  Alcoa  distributor,  complied  with  Federal  Spec i i icat ion  No. 
QQ-A-'62A  and  Air  Fcrce-Navy-Aeronautlcal  (ANA)  Specification  No.  AN-A-^2. 

Beth  sheets  were  heat-treated  by  the  producer.  The  TOl  and  t8o  designations 
indicate  that  these  materials  had  undergone  tiie  basic  t3  process,  which  in- 
volves solution  heat  treatment,  then  cold  work,  and  finally  artificial 
aging.  By  varying  the  amount  of  cold  work,  or  the  aging  conditions,  different 
tempers  may  be  produced.  In  this  case,  the  digits  1 and  6 describe  the  f iiml 
tempers  which  result  from  cold  working  the  material  It  and  bt',  respectively. 
The  l4  cold  work  is  obtained  in  a routine  flattening  operation  which  follows 
solution  heat  treatment.  Actually,  t31  is  artificially  aged  T3,  and  t86 
is  artificially  aged  T36.  The  following  is  the  nominal  composition  of  2U3 
Aluminum-. 

Nominal  Chemical  Composition 

Per  Cent 

Copper  4.5 

Manganese  0.6 

Magnesium  1.5 

Aluminum  Balance 

The  mechanical  properties  resulting  from  the  t31  and  t36  treatments 
are  tabulated  below,  as  determined  in  room-temperature  tests  at  ARF. 

Mechanical  Properties  of  0.064-lnch  Sheets 

24s-t3i  24s -t86 

Tensile  Strength,  psi  65,600  72,700 

Yield  Strength,  psi  6l,900  69,100 

Modulus  of  Elasticity,  psi  10.2  x 10^  11.2  x 10^ 
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. 7!?S-T6  Aluminum  Alloy  (Clad' 


The  requirements  for  75S-T6  aluminum  sheet  are  given  in  ANA  Speci- 
fication No.  AN-A-10,  This  material  was  tested  in  the  first  supplement  of 
the  progi'am  under  a different  set  of  conditions.  To  insure  correlativity 
of  data,  the  75S-t6  sheet  tested  in  the  current  phase  was  drawn  from  the 
same  lot  as  the  material  previously  used.  Like  the  other  aluminum  materials, 
it  was  furnished  in  the  heat-treated  condition  (in  this  case  t6,  which  indi- 
cates solution  heat  treatment  and  artificial  aging)  by  the  Alcoa  distributor. 


who  issued  the  following  data  concerning  its  properties; 


Nominal  Chemical  Composition 


Zinc 

Per  Cent 
5.1 

Magnesium 

2.1 

Copper 

1.2 

Others 

1.9 

Aluminum 

Balance 

Mechanical  Properties  of  0.064-lnch  and  3/l6-inch  Sheets 

Tensile  Strength,  psl  'J6,000 

Yield  Strength,  psi  67,000 

Modulus  of  Elasticity,  psi  10. U x 10^ 

D.  FS1-H24  Magnesium  Alloy 

The  FS1-H24  magnesium  sheet  was  produced  by  Dow  Chemical  Company 
under  compliance  with  Federal  Specification  No.  Q^-M-54.  This  material  was 
tested  under  a different  set  of  conditions  in  a previous  phase  of  the 
program.  At  that  time,  it  was  designated  FS-IH;  nothing  has  been  changed 
except  the  designation,  however.  Sheet  drawn  from  the  same  lot  was  used  in 
the  current  phase.  The  properties  of  this  material,  as  published  by  the 
producer,  are  listed  below; 
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Nomitial  Chemical  Composition 


Per  Cent 

Aluminum 

2.5  to  3.9 

Manganese 

0.2 

Zinc 

0.7  to  1.3 

Silicon 

0.3 

Others 

0.3 

Magnesium 

Balance 

Mechanical 

Properties 

0.06U-inch  Sheet 

1/4-inch  Sheet 

Tensile  Strength,  psi 

Ul,700 

40 , 500 

Yield  Strength,  psi 

31,600 

31,600 

Elongation,  per  cent 

12.9 

12.5 

E . Annealed  Titanium 

Annealed  titanium  sheet  was  tested  in  an  earlier  phase  of  the 
program  under  different  temperature  conditions.  Specimens  tested  in  the 
present  phase  were  made  of  material  drawn  from  the  same  lot  as  the  sheet 
used  previously.  The  annealed  titanium  sheet  was  purchased  from  Allegheny 
Ludlum  Steel  Company  through  Titanium  Metals  Corporation.  Designated  Ti5u 
by  its  producer,  this  material  complies  with  the  specifications  given  in 
"Purchase  Requirements  for  Titanium  Sheet,"  published  by  the  Materials 
Laboratory,  Wr ight-Patterson  Air  Force  Base,  on  November  10,  19*+9-  Annealed 
titanium  is  commercially  pure  metal  (not  more  than  0.1%  carbon)  heat-treated 
to  a condition  under  which  maximum  elongation  may  be  obtained. 

F.  Cold  Rolled  Titanium 

As  was  the  case  with  annealed  titanium,  cold-rolled  titanium  sheet 
was  tested  under  different  temperature  conditions  in  a previous  phase  of 
the  program.  Again,  the  material  for  the  present  phase  was  drawn  from  the 
same  lot  as  the  sheet  used  earlier.  Cold  rolled  titanium  is  chemically  the 
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same  as  annealed  titanium,  i.e.,  it  Is  commercially  pure  metal.  The  speci- 
fications for  this  nuiterial,  which  are  given  in  "Purchase  Requirements  for 
Titanium  Sheet,"  furtlier  state  that  the  titanium  "shall  be  cold  rolled  the 
amount  necessary  to  give  the  maximum  tensile  strength  which  can  be  reached 
while  retaining  sufficient  ductility  to  undergo  )0-degree  cold-bend  tests 
both  parallel  and  perpendicular  to  the  direction  of  rolling  over  a diameter 
not  greater  than  times  the  sheet  thickness  with  an  approximate  elongation 
of  10^  in  2 inches  parallel  to  the  direction  of  rolling."  At  the  time  of 
the  previous  tests,  the  elongation  of  the  cold  rolled  titanium  varied  between 
7. 5'^  and  12t.  The  material  complied  with  the  bend  test  requirement  when  bent 
parallel  to  the  direction  of  rolling.  However,  it  failed  at  80  degrees  when 
bent  in  the  direction  perpendicular  to  the  rolling  direction. 

The  cold-rolled  titanium  sheet  was  procured  from  Allegheny  Ludlum 
Steel  Corporation  through  Titanium  Metals  Corporation.  The  producer  has 
assigned  the  designation  Ti75a  to  commercially  pure  titanium  which  complies 
with  the  specifications  described  above. 

G.  RC-I30-A  Titanium  Alloy 

RC-130"A  titanium  alloy  is  a sheet  material  developed  by  Rem-Cru 
Titanium,  Incorporated,  for  aircraft  use.  In  the  bulletin,  "Rem-Cru  Titanium 
and  Titanium  Alloys,"  reprinted  by  that  concern  in  April,  1951^  this  material 
is  described  as  "essentially  a binary  manganese,  titanium-base  alloy." 

The  bulletin  includes  a tabulation  of  mechanical  properties  based  on  limited 
testing,  and  hence  subject  to  revision.  These  properties  are  listed  below. 
According  to  the  manufacturer,  the  material  exhibits  optimum  mechanical 
properties  in  the  as-furnished  state.  Higher  strength  can  be  obtained  through 
heat  treatment,  but  ductility  will  be  reduced  disproportionately. 

1 

i 

I 

1 
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The  Rf-l^O-A  sheet  material  tested  in  the  present  phase  of  the 
program  was  furnished  by  the  sponsor- 

Mechanical  Properties 


Longitudinal 

Transverse 

Tensile  Gtreiigth,  psi 

150,000 

153,000 

0.2't  Offset  Tensile  Yield  otrength,  psi 

140,000 

150,000 

Tensile  Elongation  2- in.  Gage  Length,  "fc 

15 

12 

Reduction  of  Area,  “jt 

32 

32 

Iroportionnl  Limit,  Tension,  psi 

105,000 

130,000 

Modulus  of  Elasticity,  psi 

15.5  X 10° 

15.5  X 10° 

IV.  PREPARATION  OF  TEST  SPECIMENS  AND  PRELIMINARY  AGING 

Specimens  for  compressive,  bearing,  and  tensile  tests  were  prepared 
from  sheets  of  0.06U-inch  nominal  thickness.  Shear  test  specimens  and  speci- 
mens for  the  associated  tensile  test  were  machined  from  3/l6-inch  sheets, 
except  in  the  case  of  the  FS1-H24  magnesium  alloy,  for  which  1/4-inch  plate 
was  used.  To  insure  that  the  tests  would  give  minimum  values  of  sheet  prop- 
erties, blanks  of  all  materials  except  RC-I3O-A  titanium  alloy  were  band- 
sawed  in  such  a way  that  specimens  would  be  stressed  in  the  direction  per- 
pendicular to  the  direction  of  rolling  when  the  load  was  applied.  RC-130"A 
is  weakest  in  the  longitudinal  direction.  All  test  blanks  were  machined  to 
final  dimensions  before  aging. 

Ovens  equipped  with  automatic  temperature  controls  were  used  for  aging 
; at  temperatures  of  200°,  3^0°,  U00°,  and  500°E-  Specimens  were  placed  flat 

! on  a single  shelf  to  minimize  warping  and  to  provide  a like  environment  for 

all  specimens  with  respect  to  surface  conditions  as  well  as  temperature. 
Checks  made  at  various  times  during  the  aging  cycle  indicated  that  the  tem- 
peratures of  specimens  did  not  differ  by  more  than  +2°F  from  the  mean  of 
j 

1 the  temperatures  of  all  specimens  in  the  oven. 

I 

I 

\ AF-TR-65IT,  Part  3 - 9 - 


A heat  treating  Ihirnace  was  used  for  aging -spec imens  at  600°,  800“, 
1000°,  and  1200“F.  Furnace  temperature  was  controlled  by  a theriaocouple 
inserted  in  a dummy  test  blank.  To  minimize  aging  variations,  specimens 
were  placed  flat  on  the  same  metal  rack  eind  distributed  symmetrically  about 
the  dummy  control  blank. 

The  following  sections  contain  descriptions  of  the  specimens  used  in 
the  four  types  of  tests  conducted  in  the  elevated  temperature  materials 
testing  program. 

A.  Tensile  Specimens  (See  Fig.  1) 

Sheet  tensile  specimens  were  prepared  in  compliance  with  the  re- 
quirements stipulated  in  AF  Technical  Report  6517,  Part  1 (December,  1951), 
wliich  was  concerned  with  work  done  during  the  first  year  of  the  program. 

As  mentioned  previ..usly,  the  initial  step  in  the  preparation  of 
all  specimens  is  the  sawing  of  test  blanks  from  sheet  stock.  After  sawing, 
the  tensile  test  blanks  were  machined  to  the  final  dimensions  indicated  in 
Fig.  1 by  milling  operations.  Burrs  were  then  removed  from  the  specimens 
with  No.  00  emery  paper.  Tensile  specimens  made  from  3/l6-inch  stock  were 
machined  to  a width  of  0.400  inch,  instead  of  O.5OO  inch,  to  avoid  over- 
stressing the  grips. 

B . Compressive  Specimens 

Compressive  test  blanks  were  prepared  in  accordance  with  the  de- 
scription given  in  Reference  1.  fhe  final  dimensions  of  compressive  speci- 
mens are  indicated  in  Fig.  1.  Upon  completion  of  milling  operations,  burrs 
were  removed  with  emery  paper. 
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C . Bearing  T‘?at:  Specimens 


Bearing  test  specimens  were  machined  to  the  dimensions  indicated 
in  Fig.  1.  In  sawing  the  test  blanks  care  was  taken  to  insure  that  the 
center  line  passing  through  the  two  reamed  holes  was  perpendicular  to  the 
direction  of  rolling.  Burrs  were  removed  from  the  edges  of  the  reamed  holes 
with  emery  paper  after  machining. 

D.  Shear  Test  Specimens 

The  shear  test  blanks  were  saw-cut  from  3/ and  1/4-inch  sheet 
in  such  a way  that  after  machining  the  axis  cf  the  specimen  was  perpendicular 
to  the  direction  in  which  the  sheet  was  rolled.  Specimens  were  machined  from 
the  test  blanks  by  turning  them  on  centers  in  a lathe  to  the  dimensions 
shown  in  Fig.  1. 

V.  TEST  EQUIPMENT 

The  apparatus  needed  to  conduct  an  elevated  temperature  mechanical 
properties  test  consists  of  three  component  systems: 

1.  A loading  system  comprised  of  a test  machine  and  fixtures. 

2.  A measuring  system  consisting  of  a deformometer  for  reproducing 
displacements  and  an  indicator  or  gage  for  measuring  them. 

3.  A heating  system  composed  of  a furnace  and  its  control  auxiliaries, 
bince  the  various  tests  differ  in  nature,  special  fixtures,  furnaces,  and 
instruments  are  required  to  perform  them.  Descriptions  of  this  special 
equipment,  which  was  constructed  d\u:ing  the  initial  phase  of  the  program, 
are  presented  in  the  sections  below. 

Compressive,  bearing,  and  shear  tests  were  conducted  on  a 120,000-pound 
Riehle  Universal  hydraulic  testing  machine.  Satisfactory  loading  accuracy 
was  obtained  by  employing  the  6000-pound  range  scale. 
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A 20,000-pouni  Olsen  Universal  hydroraerhanica  ] tpatip_g  machine  was  used 
for  tensile  tests.  It  was  found  convenient  to  use  the  10,000-pound  range 
scale  for  all  materials  tested  during  the  present  phase  of  the  program. 

A . Tensile  Test  Apparatus  ( See  Fig.  2 ) 

ihe  tensile  loading  fixture  consists  of  a pair  of  Riehle  tensile 
grips  and  two  adjustable  rods  for  connecting  the  grips  to  self -aligning 
pins  at  the  heads  of  the  testing  machine.  The  grips  were  designed  especially 
to  hold  flat  specimens,  and  have  wedge-shaped  jaws  with  serrated  faces  for 
this  purpose.  Continued  testing  at  high  temperatures  in  this  and  in  previous 
phases  of  the  program  caused  the  serrations  to  temper  and  become  dull.  To 
prevent  slipping  of  the  specimen  in  the  grips,  it  was  necessary  to  drill  a 
small  hole  in  each  end  of  the  specimen  and  pass  pins  through  these  holes 
after  the  specimen  had  been  mounted  in  the  grips.  '<flien  the  load  was  applied, 
the  pins  tightened  the  grips  against  the  specimen,  thus  preventing  slippage. 

The  tensile  test  extensometer  is  comprised  of  a pair  of  rigid  yokes 
shaped  like  wide  two-tined  forks.  At  their  midpoints,  the  yokes  are  con- 
nected by  an  eye  bolt  assembly,  which  permits  the  lower  yoke  to  pivot  with 
respect  to  the  upper.  The  extensometer  is  mounted  on  the  specimen  by  means 
of  screws  with  conical  points  located  at  the  ends  of  the  tines  of  the  yokes. 
Gage  points  were  marked  on  the  edges  of  the  specimen  to  facilitate  motinting. 
A tube  projecting  upward  out  of  the  furnace  is  fastened  to  the  opposite, 
or  fork-handle,  end  of  the  upper  yoke.  A rod  concentric  with  this  tube, 
and  having  a rounded  end,  extends  down  to  the  fork-handle  end  of  the  lower 
yoke,  contacting  it  on  a shallow  indentation  of  spherical  contour.  Since 
the  "handles"  and  "tines"  of  the  yokes  are  of  equal  length,  measured  from 
the  pivot,  the  displacement  of  the  rod  with  respect  to  the  tube  is  eqvial 
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to  the  displacement  oi  one  set  ol’  contact  points  relative  to  the  other  set. 

This  displacement  is  measured  by  a Tuckerraan  optical  strain  gage  mounted  on 
the  upper  end  oi  the  tube,  above  the  furnace.  The  lozenge  of  the  Tuckertnan 
gage  contacts  an  adjustable  collar  on  the  rod;  lozenge  rotation  is  therefore 
actuated  by  motion  of  the  rod.  The  adjustable  collar  is  ret«iined  on  one 
end  by  a compressive  spring  and  on  the  other  end  by  a thumb  nut.  The  gage 
can  be  reset  as  often  as  required  by  merely  turning  the  thumb  nut. 

The  furnace  in  which  tensile  specimens  were  tested  is  cylindrical 
in  form.  Its  test  chamber,  also  cylindrical,  measures  12  inches  in  length 
by  5 inches  in  diameter.  Heat  is  produced  by  four  semicylindrical  resistance- 
type  electric  heaters,  each  b inches  long  and  rated  at  SpO  watts  on  a 
115-volt  supply.  The  furnace  was  constructed  in  semicylindrical  halves 
hinged  together  along  a generating  line  of  its  exterior  surface.  Owing  to 
this  construction,  the  test  chamber  is  readily  accessitle  for  the  insertion 
and  removal  of  specimens.  Each  half  is  made  up  of  tw^,  heaters  placed  end  to 
end.  The  heaters  are  backed  by  insulation  i inches  thick  and  encasea  in  a 
sheet  steel  shell.  The  ends  of  the  furnace,  which  are  made  of  transite 
plate,  cover  the  top  and  bottom  of  the  test  chamber,  thus  restricting  con- 
vective air  flow.  Small  openings  are  provided  to  acco:nmodate  the  extensometer 
tube  and  the  loading  pins. 

The  heaters  were  made  individually  controllable  by  wiring  them  in 
parallel  and  employing  a Variac  in  each  of  the  four  branches  of  the  circuit. 
With  this  arrangement,  it  was  possible  to  regulate  the  distribution  of  tem- 
peratures in  the  furnace.  A Micromax  controller,  actuated  by  the  signal 
from  a chromel-alumel  thermocouple,  was  used  to  obtain  the  desired  furnace 
temperature.  The  control  thermocouple  was  mounted  at  the  center  of  the 
specimen  and  held  in  contact  with  it  by  a small  C-clamp  of  special  design. 
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B . Compressive  Test  Apparatus 

The  design  of  the  compressive  test  fixture  used  in  the  current  j 

program  vas  based  on  the  fixture  developed  by  Dorn  and  described  in  Reference 
1.  Basically,  this  fixture  consists  of  a base  with  a bearing  plate  of  hard, 
temperature-resisting  material,  two  steel  guide  blocks,  and  a guided  loading 
plunger.  The  bearing  plate  is  the  stationary  loading  surface.  The  guide 
blocks  align  the  sheet  specimen  and  prevent  lateral  buckling.  Figure  3 
shows  the  compressive  test  fixture  and  compressometer  assembled  for  use. 

In  design,  the  compressometer  is  essentially  the  same  as  the  ex- 
tensometer  discussed  in  the  previous  section.  However,  the  instruments 
differ  in  two  respects;  namely,  pivot  arrangement  and  rod  mounting.  The 
extensometer  Vias  an  eye  bolt  pivot  device,  while  in  the  compressometer  an 
elastic  hinge-type  pivot  is  used.  As  a result  of  this  elastic  hinge  con- 
struction, the  compressometer  averages  the  relative  displacements  between 
upper  and  lower  gage  points  on  opposite  edges  of  the  specimen.  The  rod  of 
the  extensometer  contacts  the  lower  yoke  by  point  bearing;  in  the  compressom- 
eter, however,  the  rod  is  attached  to  the  lower  yoke  by  an  elastic  hinge. 

A more  secure  rod  mounting  is  required  in  the  compressometer  because  during 
displacement  the  yoke  pulls  the  rod  downward  through  the  tube.  In  the  ex- 
tensometer,  the  rod  is  pushed  upward. 

Heat  is  supplied  to  the  test  fixture  and  specimens  by  four  car- 
tridge heaters  inserted  into  holes  drilled  longitudinally  in  the  guide  blocks, 
and  by  a flat  plate  heating  element  in  the  base  of  the  fixture.  To  reduce 
heat  losses,  the  entire  assembly  is  placed  in  a closed,  insulated  container 
during  tests.  Transite  cover  plates  with  openings  for  the  extensometer  tube 
and  test  machine  loading  ram  were  used  to  eliminate  convective  air  currents. 
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The  control  thermocouple  was  located  in  a small  hole  drilled  close  to  the 


specimen  contacting  surface  of  one  of  the  guide  blocks. 

C . Bearing  Test  Aj^paratus 

The  bearing  test  fixture  was  constructed  in  accordance  with  the 
specifications  given  in  Reference  2.  Figure  U shows  the  fixture,  specimen, 
def ormometer , and  furnace  assembled  for  testing. 

The  test  fixture  is  essentially  a pair  of  double  shear  Jigs  con- 
structed from  hardened  and  ground  steel  plates.  A 0.250- inch  hardened  high 
speed  steel  pin  inserted  through  a drilled  and  reamed  hole  in  the  upper  Jig 
loads  the  rivet  hole  of  the  specimen.  The  specimen  is  retained  at  the  lower 
Jig  by  a 0.500-inch  pin. 

In  a bearing  test,  it  is  desired  to  measure  the  deformation  of  a 
rivet  hole  w..th  respect  to  the  metal  in  the  vicinity  of  the  hole.  A precise 
measurement  is  difficult  to  make  because  deformations  occur  over  the  entire 
active  length  of  the  specimen  when  the  load  is  applied.  Fortunately,  how- 
ever, design  information  is  based  on  bearing  deformations  which  stress  the 
material  well  into  its  plastic  range.  Since  plastic  deformations  are  highly 
localized  in  this  test,  errors  which  arise  as  a result  of  unrecorded  elastic 
translations  of  the  hole  become  insignificant. 

The  deformometer  designed  for  use  in  the  current  program  measures 
the  displacement  of  the  hardened  steel  pin  relative  to  points  on  the  edges 
of  the  specimen  in  line  with  the  edge  of  the  rivet  hole.  It  consists  of 
two  parts;  (1)  a reference  clamp  which  is  fastened  to  the  specimen  by  means 
of  hardened  screws  with  conical  tipsi  and  (2)  a framework  for  holding  the 
dial  gages  which  measure  the  deformation.  From  Fig.  4,  the  fashion  in  which 
the  reference  clamp  mounts  on  the  specimen  can  be  observed.  The  clamp  has 
a thin  central  section  which  fits  between  the  plates  of  the  upper  Jig.  Two 
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tubes  supporting  dial  gages  above  the  fxirnace  are  fastened  on  the  upper  Jig, 
one  tube  over  each  end  of  the  test  clamp.  Rods  with  rounded  ends  pass 
through  these  tubes  and  are  held  against  ends  of  the  clamp  by  dial  gage  spring 
pressure.  It  should  be  noted  that  the  tiuantity  actually  measured  by  each 
dial  gage  is  the  displacement  of  the  upper  jig  with  respect  to  one  end  of  the 
test  clamp.  The  validity  of  this  measurement  is  based  on  the  fact  that 
elastic  deformations  of  the  0.250-inch  steel  loading  pin,  of  the  upper  jig, 
and  of  areas  of  the  specimen  between  the  gage  points  and  the  rivet  hole,  are 
negligible  compared  to  the  deformation  of  the  hole.  In  data  tabulations, 
the  deformation  is  computed  by  averaging  the  two  dial  gage  readings. 

The  specimen  and  fixture  were  heated  to  the  desired  test  temperature 
in  a furnace  of  the  same  design  as  that  used  in  tensile  tests.  The  control 
thermocouple  was  inserted  in  a small  hole  drilled  through  one  of  the  plates 
of  the  upper  Jig  near  the  loading  pin  hole. 

D.  Shear  Test  Fixture 

The  fixture  used  for  performing  shear  tests  is  a tensile  loading 
double  shear  jig  constructed  in  accordance  with  the  specifications  given  in 
Fig.  SM-17T  of  Reference  3-  Figure  5 shows  the  shear  fixture  with  a specimen 
in  place.  The  upper  half  of  the  fixture  consists  of  two  hardened  and  ground 
steel  side  plates  separated  by  a spacer  plate  0.126  inch  thick.  The  lower 
half  of  the  fixture,  which  is  the  shear  tool,  was  made  from  a hardened  steel 
plate  ground  to  a thickness  of  0.125  inch.  To  insure  proper  alignment,  the 
0.125 -inch  shear  specimen  holes  in  the  upper  half  of  the  fixture  were  reamed 
after  the  part  was  assembled.  The  upper  and  lower  fixture  elements  were 
both  attached  to  the  testing  machine  heads  with  pin  connections  to  facilitate 
fixture  alignment  and  specimen  insertion. 
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Since  only  the  ultimate  shear  stresses  were  determined  hy  these 
tests,  no  deformometers  were  employed.  The  same  furnace  used  in  the  bearing 
test  was  used  for  heating  shear  specimens.  Temperatures  were  controlled  by  a 
thermocouple  inserted  in  a small  hole  in  the  upper  fixture  close  to  the 
specimen. 

VI.  TEST  PROCEDURE 

Before  test  work  at  elevated  temperatures  was  begun,  surveys  were  made 
of  the  temperature  distributions  in  dummy  specimens  at  varioiis  nominal  test 
temperatures.  These  check  runs  were  made  in  order  to  (1)  correlate  the  tem- 
peratures recorded  by  the  control  thermocouple  and  by  the  thermocouples 
located  in  the  test  specimen,  (2)  determine  the  temperatures  at  various  loca- 
tions on  the  test  specimen,  and  (3)  determine  the  Variac  settings  required 
to  maintain  each  test  temperature.  Figures  showing  the  locations  of  the 
control  thermocouples  and  tabulations  of  the  results  of  the  temperature  sur- 
veys, as  reproduced  from  the  final  report  for  the  initial  phase  of  the  program, 
arc  presented  in  Appendix  A. 

A.  Tensile  Test 

The  first  step  in  the  tensile  test  is  final  specimen  preparation. 

This  includes  recording  the  width  and  thickness  of  each  specimen,  as  deter- 
mined by  micrometer  measurement,  and  marking  the  2- inch  gage  length  on  the 
specimens  with  a fixture  made  especially  for  this  purpose.  Next,  the  ex- 
tensometer  is  placed  on  the  specimen  by  tightening  the  four  conically-pointed 
thumb  screws  in  the  gage  marks.  The  specimen,  with  extensometer  attached, 
is  then  mounted  in  the  test  machine,  following  which  the  thermocouple  is  set 
in  place.  Lastly,  the  test  chamber  is  closed  around  the  assembly,  so  that 
only  the  loading  pins  and  extensometer  tube  protrude  from  the  furnace. 
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The  test  is  not  begun  until  the  furnace  has  been  at  test  temperature 
for  15  minutes.  During  the  test,  the  load  is  increased  progressively  to 
pr  duce  a strain  rate  of  about  0.01  inch  per  inch  per  minute.  Deformations 
are  observed  and  recorded  at  predetermined  load  intervals  by  reading  the 
Tuckerman  gage  with  an  Autocollimator.  When  it  becomes  clear  from  the  gage 
readings  that  the  yield  point  has  been  surpassed,  the  extensometer  is  re- 
moved from  the  specimen.  The  test  is  then  continued  until  the  specimen 
fractures . 

Three  properties,  namely  tensile  yield  strength,  ultimate  tensile 
strength,  and  modulus  of  elasticity,  are  determined  from  the  recorded  data. 
Stress-strain  diagrams  sure  plotted  to  determine  the  yield  strength  and  the 
modulus  of  elasticity.  The  value  of  the  latter  property  is  found  by  comput- 
ing the  slope  of  the  straight  line  portion  of  the  curve.  For  materials 
which  do  not  exhibit  a definite  yield  point,  the  0.2^  offset  definition  of 
yield  strength  is  used.  So  defined,  the  yield  strength  is  the  stress  at 
which  the  strain  deviates  by  0.002  inch  per  inch  from  the  linear  law 
€ = ct/E.  ultimate  strength  is  computed  from  the  highest  load  recorded 
during  the  test. 

B.  Compressive  Test 

The  compressive  test  preliminaries  Include  measuring  the  width  and 
thickness  of  the  specimen,  marking  the  1-lnch  gage  length  on  its  edges  with  j 

a special  tool,  polishing  its  svirfaces  with  No.  00  em^ry  paper,  and  coating 
it  with  Molykote  dry  lubricant  to  reduce  friction  between  the  specimen  and 

I 

the  guide  blocks.  After  these  procedures  have  been  completed,  the  specimen 
is  placed  in  the  test  fixture.  Firm,  but  not  binding,  support  is  achieved 
by  turning  the  adjusting  screws  of  the  movable  guide  block  until  they  are 
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finger-tight.  The  extensoineter  is  then  attached  to  the  specimen  by  locating 
the  thumb  screws  in  the  gage  marks.  Finally,  the  entire  assembly  is  placed 
in  a closed,  insulated  container  to  eliminate  convective  air  flow  during  the 
heating  period. 

To  allow  equalization  and  stabilization  of  temperatures  within  the 
furnace,  loading  is  not  commenced  until  the  specimen  has  been  at  test  tem- 
perature for  15  minutes.  D'-irlng  the  test,  loads  are  increased  progressively 
to  maintain  a strain  rate  of  approximately  0.01  inch  per  inch  per  minute. 
Deformations  are  observed  through  the  Tuckerman  Autocollimator  and  recorded 
at  specified  load  intervals.  The  test  is  terminated  when  it  appears  certain 
from  the  recorded  deformation  data  that  the  yield  point  of  the  material  has 
been  exceeded. 

Two  properties,  compressive  yield  strength  and  compressive  modulus 
of  elasticity,  are  determined  from  the  test  data.  The  modulus  of  elasticity 
is  given  by  the  slope  of  the  linear  portion  of  the  stress-strain  diagram. 
However,  at  high  temperatures,  the  stress-strain  relationship  is  often  non- 
linear throughout,  in  such  cases,  the  modulus  of  elasticity  is  taken  to  be 
the  slope  of  the  tangent  to  the  curve  at  or  near  the  origin.  ComnresBive 
yield  strength  is  calculated  in  accordance  with  the  0.2^  offset  definition. 

After  all  compressive  tests  of  a particular  material  have  been 
completed,  the  stress-strain  curves  are  reviewed  and  a typical  curve  is 
selected  for  each  temperature  and  exposure  condition.  These  curves  are  then 
used  to  construct  tangent  modulus  diagrams. 

C . Bearing  Test 

Before  the  bearing  test  is  begun,  the  thickness  of  the  specimen  is 
measured  at  several  places  in  the  vicinity  of  the  rivet  hole  with  a microm- 
eter, and  the  average  thickness  is  recorded.  Then  gage  points  are 
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punch-marked  on  the  edges  of  the  specimen  in  line  with  the  edge  of  the  rivet 
hole  nearest  its  end.  Next,  the  deformometer  clamp  is  attached  to  the  speci- 
men by  tightening  the  conically-tipped  screws  into  the  gage  marks.  The 
specimen  is  then  placed  in  the  upper  jig  of  the  test  fixture  and  retained 
by  the  0.250-inch  hardened  steel  pin.  Finally,  the  lower  fixture  is  set 
in  place,  the  furnace  is  closed,  and  the  specimen  is  heated  to  test  tempera- 
ture. 

After  the  temperature  has  stabilized,  a light  load  is  applied  to 
bring  the  specimen  and  deformometer  into  final  alignment.  The  dial  gages 
are  set  to  zero  at  this  time.  During  the  test,  the  load  is  regulated  to 
produce  a strain  rate  of  approximately  0,01  inch  per  inch  per  minute.  Dial 
gage  readings  are  recorded  until  the  rivet  hole  has  been  deformed  beyond  the 
yield  point.  Deformation  readings  are  then  discontinued  and  the  load  is  in- 
creased rapidly  until  failure  of  the  specimen  occurs. 

Two  properties,  bearing  yield  strength  and  ultimate  bearing  strength, 
arc  determined  from  this  test.  In  a bearing  stress  calculation,  the  load 
is  divided  by  the  projected  area  of  the  rivet  hole,  i.e.,  by  the  product  of 
bole  diameter  and  specimen  thickness.  The  bearing  yield  strength  is  defined 
as  the  bearing  stress  at  which  the  Inelastic  deformation  of  the  rivet  hole 
is  equal  to  2^  of  the  original  hole  diameter.  Therefore,  to  find  the  yield 
strength,  it  is  necessary  to  construct  a stress-deformation  or  load-deforma- 
tion diagram.  Ultimate  bearing  strength  is  computed  from  the  maximum  load 
recorded  during  the  test. 

D.  Shear  Test 

Before  the  shear  specimen  is  Inserted  in  double  shear  Jig,  its 
diameter  is  measured  with  a micrometer  and  recorded.  The  furnace  is  closed 
around  the  fixture  and  specimen,  which  are  then  heated  until  a state  of 
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thermal  equilibrium  prevails.  The  load  is  applied  at  a rate  which  produces 
failure  of  the  specimen  in  approximately  3 minutes.  Since  this  test  is  in- 
tended, to  furnish  data  on  ultimate  shear  strength  only,  no  deformations  are 
measured.  The  ultimate  shear  strength  is  calculated  by  dividing  the  maximum 
observed  load  by  2 times  the  area  of  the  cross  section  of  the  specimen, 

VII.  EXPERIMENTAL  RESULTS 

In  Appendix  B,  the  results  of  individual  tests  and  the  average  values 
for  each  temperature  and  exposure  condition  are  presented  in  tabular  form. 

It  will  be  noted  that  room  temperature  data  is  included  in  these  tables; 
exposure  period  designations  do  not  apply  to  room  temperature  results,  of 
course.  The  pages  on  which  results  for  a particular  material  appear  can  be 
foiind  bi  consulting  the  list  of  tables  at  the  beginning  of  the  report. 

Test  data  are  also  shown  graphically  in  Figs.  6 through  32  and  in 
Appendices  C and  D.  The  various  types  of  curves  drawn  to  illustrate  test 
results  are  discussed  in  the  sections  which  follow. 

A.  Stress  Versus  Exposure  Time  Curves 

As  was  mentioned  earlier  in  the  report,  the  primary  intention  of 
the  program  was  to  assess  the  Influence  of  two  factors,  temperature  and 
exposure  time,  on  various  mechanical  properties.  More  specifically,  it  was 
desired  to  determine  the  manner  in  which  mechanical  properties  vary  as  a 
function  of  time  at  a given  temperature.  Information  of  this  kind  on  any 
one  property  can  be  obtained  by  plotting,  for  each  temperature,  a curve  with 
the  mechanical  property  as  ordinate  and  exposure  time  as  abscissa.  The 
fashion  in  which  temperature  affects  the  property  can  then  be  observed  by 
drawing  all  such  curves  on  one  diagram. 
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From  the  average  values  obtained  at  each  temperature  and  exposure 
condition,  diagrams  of  this  nature  have  been  constructed  for  the  yield  ten- 
sile, compressive,  and  bearing  strengths,  and  the  ultimate  tensile,  bearing, 
and  shear  strengths  of  all  materials  tested.  It  was  found  convenient  to  use 
semilogarithmic  graph  paper  for  these  curves,  because  the  spacing  of  test 
exposure  intervals  is  more  uniform  on  a logarithmic  scale  than  on  a linear 
scale.  The  stress  versus  exposure  time  diagrams  are  listed  in  the  Table  of 
Illustrations  at  the  beginning  of  the  report. 

B.  Modulus  of  Elasticity  Versus  Temperature  Curves 

In  previous  phases  of  the  program,  it  was  observed  that  tensile 
and  compressive  moduli  of  elasticity  did  not  vary  in  consistent  fashion  as 
a function  of  exposure  time  at  most  temperatures.  The  same  behavior  was 
observed  in  the  present  phase  of  the  program.  Therefore,  curves  illustrating 
the  variation  of  these  properties  with  increasing  time  of  exposure  were  not 
constructed.  Instead  the  average  values  of  the  moduli  for  all  exposure  times 
at  each  temperature  were  calculated  and  this  data  was  used  to  construct 
modulus  of  elasticity  versus  temperature  diagrams.  In  interpreting  these 
curves  it  is  important  to  remember  that  the  plotted  values  represent  aver- 
ages; the  tabulated  data  on  moduli  of  elasticity  should  be  reviewed  before 
conclusions  are  drawn. 

C . Stress-Strain  and  Stress-Deformation  Curves 

For  each  temperature  and  exposure  condition,  typical  tensile  and 
compressive  stress-strain  curves  were  selected  for  presentation  in  the  re- 
port. All  tensile,  or  compressive,  curves  from  tests  conducted  at  a common 
temperature  are  drawn  side  by  side  on  the  same  diagram  to  facilitate  obser- 
vation of  the  effect  of  exposure  time.  In  the  same  fashion,  typical  curves 
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are  presented  illustrating  the  stress-deformation  relationship  of  the  bear- 
ing test.  Yield  strengths  are  Indicated  by  points  of  intersection  between 
the  curves  and  line  segments  drawn  parallel  to  their  linear  portions. 

The  stress-strain  and  stress-deformation  curves,  which  are  listed 
in  the  Table  of  Illustrations,  appear  in  Appendix  C, 

D.  Compressive  Tangent  Modulus  Curves 

Tangent  modulus  data,  which  is  important  in  stability  calculations, 
was  obtained  from  typical  compressive  stress-strain  curves  for  each  tempera- 
ture and  exposure  condition.  Tangents  were  constructed  at  several  points 
along  each  curve  beyond  its  proportional  limit,  and  the  slopes  of  the  tan- 
gents were  calculated.  Usually,  five  points  were  sufficient  to  obtain 
satisfactory  data.  The  values  so  obtained  were  then  plotted  as  function  of 
exposure  time  at  each  temperature.  Again,  to  facilitate  analysis  of  the 
effect  of  temperature,  all  curves  for  a given  material  were  drawn  on  the 
same  diagram.  The  tangent  modulus  curves  are  presented  in  Appendix  D. 

VIII.  SUMMARY  OF  TEST  RESULTS 

As  stated  earlier,  the  effects  of  temperature  on  the  mechanical 
properties  of  structural  materials  may  be  placed  in  two  classes:  (1) 

changes  caused  by  temperature  alone,  and  (2)  changes  which  result  from  struc- 
tural alteration  of  the  material  and  which,  therefore,  depend  on  time  as 
well  as  on  temperature. 

When  a material  has  been  exposed  for  1/2  hour,  changes  in  its  mechanical 
properties  may  be  attributed  to  the  influence  of  temperature  alone,  provided 
the  exposure  temperature  is  well  below  the  transformation  temperature  of  the 
material.  However,  if  the  material  has  been  exposed  for  a longer  interval, 
the  effect  of  exposure  time  must  also  be  considered.  In  analyzing  the  ex- 
perimental data,  it  has  been  assumed  that  the  results  of  tests  performed 
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after  l/2  hour  exposure  indicate  the  mechanical  properties  of  structurally 
unaltered  material  at  the  test  temperature.  Data  from  tests  ccnducted  after 
longer  exposure  are  considered  to  show  the  influence  of  structural  altera- 
tion. 

The  test  results  for  each  material  are  discussed  separately  in  the 
sections  which  follow. 

A.  Effect  of  Temperature  and  Exposure  Time  on  14s-t6 

Aluminum  Alloy  (Clad) 

In  Table  2,  the  average  values  of  the  mechanical  properties  of 
14s-t6  aluminum  alloy  sheet  material  for  various  temperature  and  exposure 
conditions  are  expressed  as  percentages  of  the  room  temperature  values. 

Curves  showing  the  manner  in  which  tensile,  compressive,  and  bearing  yield 
strengths,  and  tensile,  bearing,  and  shear  ultimate  strengths  vary  with  ex- 
posure time  are  presented  in  Figs.  6 to  8. 

It  can  be  seen  that  all  yield  strengths  exhibit  the  same  general 
behavior;  this  is  true  also  of  the  ultimate  strengths  of  0.064-inch  material. 
Certain  characteristics  of  the  graphical  and  the  tabulated  data  merit  ad- 
ditional notice,  however. 

Observe  that  the  material  is  slightly  weaker  at  200'F  than  at  room 
temperature.  The  diminution  of  strength  appears  to  be  wholly  attributable 
to  the  influence  of  temperature,  because  the  curve  is  almost  horizontal 
throughout  its  length.  As  a matter  of  fact,  all  values  for  the  1000-hour 
exposure  period  are  higher  than  the  1/2-hour  values.  Although  the  differences 
are  slight,  the  consistency  of  this  phenomenon  suggests  that  lengthy  ex- 
posure at  200°F  increases  the  properties  of  this  material  some^rtiat.  Ap- 
parently, prolonged  heating  at  this  temperature  supplements  the  artificial 
aging  process  to  which  the  material  is  subjected  during  the  t6  treatment. 
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MECHAMICAL  PROPERTIES  OF  H*S-T6  ALUMINUM  ALU)Y  SHEET  FOR  VARIOUS  TEMPERA'ITJRES 
EXPOSURE  CONDITIONS  EXPRESSED  AS  A PERCENTAGE  OF  ROOM  TEMPERATURE  VALUES 
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'Reliable  values  could  not  be  determined. 


nd  Bearing  Yield  Stresses,  1000  psi 


Ultimate  Tensile  and  Bearing  Stresses,  1000  ps 


As  temperatures  Increase,  14s-t6  alumlYium  alloy  loses  strength  and 
tempers  at  an  increasing  rate.  Observe  that  at  300®F  a significant  reduc- 
tion in  properties  began  to  occur  sometime  between  100  and  1000  hours  of 
exposure.  At  U00°F  the  properties  had  diminished  substantially  after  only 
10  hours  of  heating.  Data  from  the  UO0°F  tests  indicate  that  the  material 
suffered  its  greatest  percentile  decrease  in  properties  from  exposure  at 
this  temperature.  Moreover,  the  appearance  of  the  3OO®  and  400®F  curves 
suggests  that  longer  exposure  would  have  resulted  in  further  reduction  of 
properties.  At  ^00°  and  600“F  comparatively  little  decrease  occurred  after 
10  hours  of  exposure.  The  appearance  of  these  curves  indicates  that  further 
exposure  would  not  reduce  the  properties  of  the  material  appreciably  below 
the  values  observed  after  1000  hours  of  exposure. 

For  the  most  part,  specimens  prepared  from  sheet  of  3/l6-inch 
nominal  thickness  exhibited  the  same  general  characteristics  as  those  made 
of  0. 064-inch  sheet.  That  is,  corresponding  curves  of  Figs.  7 and  8 are  of 
the  same  general  shape.  However,  the  3/l6-inch  material  had  greater  room 
temperature  tensile  strength  than  the  0.064  inch;  it  also  displayed  substan- 
tially higher  resistance  to  deterioration  of  tensile  properties  under  all 
temperatxire  and  exposure  conditions.  The  difference  can  be  observed  most 
readily  by  comparing  values  of  ultimate  tensile  strength  for  corresponding 
conditions  in  Table  2.  Only  for  the  100-hour  exposure  condition  at  200°F 
was  the  tensile  strength  of  the  0.064-lnch  material  greater  percentagewise 
than  that  of  the  3/16-inch  sheet.  At  higher  temperatures,  the  3/l6-inch 
material  demonstrated  marked  superiority.  Table  2 also  shows  that  the 
elevated  temperature  shear  properties  of  3/16-inch  i4s-t6  almainura  alloy  are 
considerably  poorer  than  its  tensile  properties. 


AF-TR-65IT,  Part  3 


- 34  - 


In  Table  B-2,  which  presents  the  results  of  individual  compressive 
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tests,  it  will  be  noted  that  for  two  conditions  at  600°F,  yield  strength 
data  is  listed  while  modulus  data  is  not.  The  modulus  could  not  be  determined 
because  the  early  points  on  the  curves  were  unreliable.  However,  the  material 
exhibited  definite  yield  characteristics  and  it  was  therefore  possible  to 
determine  the  yield  strength  without  knowledge  of  the  modulus. 

The  manner  in  which  tensile  and  compressive  moduli  of  elasticity 
of  the  alloy  are  affected  by  temperature  is  indicated  by  Fig.  9.  Apparently, 
a definite  but  irregular  reduction  in  moduli  occurs  when  the  material  is  ex- 
posed to  increasing  temperatures.  It  should  be  remembered  that  the  points 
on  these  curves  were  determined  by  averaging  the  moduli  values  for  all  ex- 
posure conditions  at  each  temperature,  and  that  they  do  not,  therefore, 
represent  any  particular  condition. 

B.  Effect  of  Temperature  and  Exposure  Time  on 

24s-T81  Aluminum  Alloy  (Clad) 

The  average  values  of  mechanical  properties  observed  in  tests  per- 
formed with  24s-t81  aluminum  alloy  sheet  material  are  expressed  in  Table  3 
as  percentages  of  room  temperature  results.  Graphical  data  is  presented  in 
Figs.  10  through  13- 

From  the  various  yield  strength  and  ultimate  strength  versus  ex- 
posure time  curves  for  0.064-inch  sheet,  it  is  evident  that  these  basic 
mechanical  properties  respond  in  similar  fashion  when  24s-t81  aluminum  alloy 
is  exposed  at  elevated  temperatures.  The  material  appears  to  be  affected 
chiefly  by  temperature  up  to  300°F.  At  400°F,  however,  its  mechanical  prop- 
erties decline  progressively  as  the  time  of  exposure  is  increased.  The 
decline  apparently  begins  shortly  after  the  material  has  been  exposed  for 
2 hours. 
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It  should  be  noted  in  Table  3 that  the  yield  tensile,  compressive, 
and  bearing  strengths,  and  the  ultimate  tensile  strength  of  this  material 
arc  higher  after  1000  hours  of  exposure  at  200°F  than  after  1/2  hour.  Al- 
though the  differences  are  slight,  they  are  consistent,  and  therefore  sug- 
gest that  exposing  the  material  for  long  periods  at  this  temperature  may 
cause  mild  age  hardening. 

Data  obtained  from  tests  of  3/l6-inch  24s-t81  aluminum  alloy  are, 
in  general,  similar  to  those  observed  with  the  0.064-inch  sheet.  The  re- 
sults differ  in  two  Important  respects,  however.  The  3/l6-inch  material  is 
stronger,  and  it  exhibits  considerably  greater  resistance  to  reduction  of 
tensile  properties  from  exposure  to  elevated  temperatures.  The  shear  prop- 
erties of  3/1^-inch  material  are  distinctly  inferior  to  its  tensile  prop- 
erties, however,  exhibiting  greater  temperature  Induced  decline.  Although 
the  reasons  for  this  are  not  clear,  they  may  be  associated  with  specimen 
fabrication.  Each  shear  specimen  is  lathe-turned  to  a diameter  of  1/8-inch 
from  a blank  3/l6-inch  thick,  and  hence  does  not  contain  material  from  the 
surface  layers  of  the  sheet.  Since  the  surface  of  the  sheet  is  more  severely 
cold  worked  than  the  interior,  it  is  possible  that  the  absence  of  this 
severely  worked  surface  material,  which  is  known  to  be  quite  responsive  to 
the  artificial  aging  of  the  t8i  heat  treatment,  is  in  part  responsible  for 
the  relatively  poor  performance  of  the  3/l6-inch  24s-t81  in  shear. 

From  Fig.  13>  which  shows  tensile  and  compressive  moduli  of  elas- 
ticity as  a function  of  temperature,  it  can  be  Inferred  that  the  tensile 
modulus  decreases  steadily  with  increasing  temperature.  No  clear  trend  is 
evident,  however,  from  the  appearance  of  the  compressive  modulus  graph.  A 
matter  of  some  Interest  concerns  the  200°F  point  on  the  tensile  modulus 
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curve.  Not  only  is  the  average  modulus  for  this  temperature  higher  than 
the  room  temperature  modulus,  a fact  readily  perceivable  from  the  curve,  but 
the  moduli  for  all  exposure  conditions  at  this  temperature  are  higher.  In 
other  words,  every  value  used  in  the  computation  of  the  200°F  average  was 
higher  than  the  average  room  temperature  modulus.  This  behavior  was  not  ob- 
served with  any  other  material,  and  hence  there  is  scant  likelihood  that  it 
is  typical  of  2U3-T8I  aluminum.  Probably  the  specimens  tested  at  room  tem- 
perature had  tensile  moduli  which  were  somewhat  lower  than  normal,  while  the 
moduli  of  the  200°r  specimens  were  slightly  higher  than  normal. 

C . Effect  of  Temperature  and  Exposure  Time  on 
2Us-t86  Aluminum  Alloy  (Clad) 

Average  value  data  from  tests  of  24s-t36  aluminum  alloy  is  presented 
in  Table  4 and  in  Figs.  l4  through  17.  The  tabulated  results  and  the  graphs 
show  that  at  each  temperature  the  various  yield  strengths  and  ultimate 
strengths  are  affected  in  much  the  same  fashion.  At  200*F,  exposure  time 
appears  to  have  little  influence.  At  3C>0°F,  temperature  is  again  the  most 
I important  factor,  until  the  material  has  been  exposed  for  100  hours,  A 

significant  reduction  in  properties  occurs  sometime  diuring  the  Interval  be- 
tween 100  and  1000  hours.  At  400°F,  the  properties  seem  to  remain  Independent 
of  exposure  time  for  2 hours,  but  decrease  substantially  after  10  hours  have 
passed . 

' Again,  the  3/l6-inch  material,  while  behaving  in  approximately  the 

same  fashion  as  the  0.064  inch,  exhibited  higher  strength  and  superior 
resistance  to  diminution  of  tensile  properties  from  continued  exposure  at 
I elevated  temperatures.  Its  performance  in  shear  was  less  satisfactory  than 

, in  tension,  however,  perhaps  for  the  reason  previously  suggested. 
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The  relationship  between  the  tensile  and  compressive  moduli  of 
elasticity  and  temperature  is  illustrated  graphically  in  Fig.  IT-  Observe 
that  the  tensile  modulus  tended  to  diminish  with  increasing  temperatuore , but 
not  in  a uniform  fashion.  The  compressive  modulus  remained  quite  stable 
over  the  entire  range  of  test  temperatures.  It  should  be  borne  in  mind, 
however,  that  the  points  on  these  curves  represent  average  values,  and 
therefore  cannot  be  considered  representative  of  all  exposure  conditions. 

More  detailed  information  can  be  found  in  the  tables  of  Appendix  B,  which 
present  the  results  of  individual  tests. 

D.  Comparison  of  the  Elevated  Temperature  Properties  of  2US-T81 
and  24s-t86  Aluminum  Alloy  Sheet  Materials 

The  2Us-t86  alloy,  it  will  be  recalled,  differed  from  the  2Us-t81 
alloy  only  in  final  temper.  Both  materials  are  the  same  in  nominal  composi- 
tion and  both  are  given  the  same  basic  heat  treatment,  designated  t8.  The 
t8  process  consists  of  solution  heat  treatment,  then  cold  work,  and  finally 
artificial  aging.  Tiie  properties  which  result  from  the  t8  process  can  be 
modified  by  varying  the  amount  of  cold  work  and/or  the  aging  conditions. 

The  last  digit  of  the  treatment  designation  indicates  the  final  temper  of 
the  material. 

According  to  the  heat  treatment  recommendations  published  by  the 
Aluminum  Company  of  America  in  the  booklet,  "Alcoa  Aluminum  and  Its  Alloys," 
the  t8i  and  t86  conditions  can  be  produced  from  solution-treated,  cold- 
worked  24s  aluminum  by  aging  at  3T5”F  for  different  periods  of  time.  The 
T86  condition  results  from  aging  for  7 to  9 hours,  while  the  t8i  condition 
is  obtained  by  heating  for  11  to  13  hours.  Since  the  properties  obtained 
by  the  t6  treatment  are  higher  than  those  of  the  t81  treatment,  it  appears 
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that  the  longer  heating  period  results  in  tempering  (softening  and  reduction 
in  properties)  of  the  material.  It  is  reasonable  to  suppose,  therefore,  that 
after  long  subsequent  exposure  at  a temperature  near  the  artificial  aging 
temperature,  the  24s-T81  and  2U3-T86  alloys  might  exhibit  substantially  the 
same  properties.  That  is,  the  difference  in  total  times  of  exposure  would 
then  be  small  percentagewise.  Of  course,  the  lack  of  continuity  of  the 
heating  might  also  exert  considerable  influence.  Nevertheless,  it  is  in- 
teresting to  compare  the  properties  of  these  materials  after  100  and  1000 
hours  of  exposure  at  U00®F.  This  is  the  test  temperature  nearest  the  3T5°F 
aging  temperature.  Such  a comparison  is  presented  in  Table 

Observe  that  after  100  hours,  the  differences  between  all  properties 
except  the  bearing  strength  of  these  materials  are  slight,  the  properties 
of  2Us-T86  evidently  remaining  superior.  However,  after  1000  hours,  most 
properties  of  the  two  alloys  are  the  same  for  all  practical  purposes. 
Curiously,  the  2Us-t81  alloy  exhibits  higher  ultimate  bearing  and  shear 
strengths  than  the  24s-T86  for  this  condition.  Examination  of  the  results 
of  tests  performed  at  300”?’  shows  that  after  1000  hours  of  exposure  many  of 
the  properties  of  these  two  alloys  become  nearly  the  same  at  this  temperature 
also. 

E . Results  of  Mechanical  Properties  Tests  of 
FS1-H2U  Magnesium  Alloy  at  200°F 

The  average  values  detemined  from  mechanical  properties  tests  of 
several  materials  condxicted  at  200°F  are  presented  in  Table  6.  These  ma- 
terials had  been  tested  in  the  first  phase  of  the  program  at  other  tempera- 
tures; data  from  the  earlier  tests  may  be  found  in  AF  Technical  Report  No. 
6517,  Part  1.  The  200 ®F  data  were  intended  to  augment  the  store  of  informa- 
tion previously  obtained. 
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Tests  of  FS1-H24  magnesium  were  performed  for  only  two  exposure 
conditions,  O.5  and  1000  hours.  The  results  indicate  that  at  200“F,  tem- 
perature alone  causes  an  appreciable  reduction  in  all  properties  except  the 
ultimate  shear  strength  of  l/U-inch  material.  Strangely,  this  property 
exhibited  a significant  increase  for  both  exposure  periods.  The  effect  of 
exposure  time  is  difficult  to  assess.  Tensile  and  compressive  yield  strengths 
were  higher  after  1000  hoiirs  of  exposure  than  after  0.5  hour.  All  other 
properties  decreased.  It  would  have  been  advantageous  to  perform  tests  for 
exposure  conditions  intermediate  to  0.5  and  1000  hours.  On  the  basis  of 
present  Information,  however,  exposure  time  appears  to  be  of  limited  in- 
fluence at  this  temperature. 

F.  Effect  of  Exposure  Time  on  the  Properties  of 
7$S-t6  Aluminum  Alloy  at  200 °F 

The  results  of  tests  conducted  on  75S-t6  aluminum  alloy  sheet  ma- 
terial at  200"F  are  presented  in  Table  6 and  shown  graphically  in  Figs.  I8 
through  21.  On  the  last  figure,  the  points  for  other  temperatures  were 
determined  from  data  tabulated  in  Part  1 of  AF  Technical  Report  6517* 

It  appears  from  the  curves  that  at  200°F  the  properties  of  75S-T6 
aluminum  alloy  sheet  material  are  affected  chiefly  by  temperature.  The 
reduction  is  slight,  however.  For  only  one  property  and  exposure  condition, 
tensile  yield  strength  after  1000  hours,  does  it  exceed  9^.  Moreover,  the 
reductions  in  yield  bearing  strength  and  in  the  ultimate  tensile  and  shear 
sti'engths  of  3/l6-inch  are  almost  negligible.  Exposure  time  apparently  does 
not  affect  the  mechanical  properties  of  75S-t6  aluminum  either  consistently 
or  significantly  at  this  temperature.  The  tensile  yield  strength  curve 
shows  a distinct  but  very  slight  decline  for  exposure  periods  to  and 
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Tensile,  rompressive  and  Bearing  Yield  stresses,  lauu  p: 


Tension 


Bearing 


1000 


EFFECT  OF  EXPOSURE  TIME  ON  TENSILE,  COMPRESSIVE 


BEARING  YIELD  STRENGTHS  OF  T^S-t6  ALUMINUM  ALLOY  AT  200°F 


Part  3 


LOO 


Exposure  Time,  hr 

Fig.  20  EFFECT  OF  EXPOSURE  TIME  ON  ULTIMATE  TENSILE  AND 
SHEAR  STRENGTHS  OF  75S-t6  ALUMINUM  ALLOY  AT  200 'F 
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including  100  hours,  whereupon  a noticeable  reduction  occurs.  However,  none 
of  the  other  properties  exhibits  a definite  trend. 

Figure  21  indicates  that  the  tensile  and  compressive  moduli  of 
elasticity  vary  in  the  same  fashion  as  functions  of  temperature.  Although 
the  tensile  curve  lies  above  the  compressive  throughout  most  of  its  range, 
the  actual  values  of  the  two  moduli  are  nearly  the  same.  The  reason  for 
this  is  that  the  compressive  modulus  is  larger  than  the  tensile  modulus  at 
room  temperature. 

G.  Results  of  Mechanical  Properties  Tests  of  Cold  Rolled  Titanium 
at  200°F 

Average  value  data  from  tests  conducted  at  200“F  on  cold  rolled 
titanium  sheet  material  are  presented  in  Table  6.  The  200°F  results,  to- 
gether with  dat  B.  f*  J*  CITl  the  first  phase  of  the  program,  were  used  to  construct 
Figs.  22  to  25.  These  diagrams  depict  the  relationship  between  various 
mechanical  properties  and  temperature  for  the  two  exposure  conditions  in- 
vestigated, 0.5  and  100  hours.  In  AF  Technical  Report  6517 > Part  1,  similar 
curves  were  constructed  without  information  on  the  properties  at  200°F. 
Figures  22  to  25,  some  of  which  differ  widely  from  the  earlier  graphs  in 
certain  temperature  ranges,  can  be  considered  to  supersede  the  previous 
curves . 

The  graphical  data  indicates  that  the  mechanical  properties  of 
annealed  titanium  decrease  progressively  with  increasing  temperatui’e . The 
curves  are  markedly  dissimilar  in  shape,  however.  It  can  be  observed  that 
the  properties  differ  considerably  with  respect  to  the  percentile  reductions 
which  occ\ir  in  the  various  temperature  intervals. 
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Ultimate  Tensile  and  BearinK  Stresses,  1000  psi 


Temperature,  ®F 

Fig.  23  EFFECT  OF  TEMPERATURE  AND  EXPOSURE  TIME  ON  ULTIMATE  TENSILE  AND 
BEARING  STRENGTHS  OF  COLD  ROLLED  TITANIUM 
AF-TO-65IT,  Part  3 - 60  - 
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Exposure  time  appears  to  be  far  less  important  than  temperature  for 
the  two  periods  investigated.  The  0.5  hour  and  100-hour  curves  of  nearly 
every  property  intersect  one  or  more  times  in  erratic  fashion. 

According  to  Fig.  25,  which  illustrates  the  variation  of  the  tensile 
and  compressive  moduli  of  elasticity  as  a function  of  temperature,  both 
moduli  decrease  steadily  with  Increasing  temperature.  The  average  tensile 
modulus  is  slightly  higher  percentagewise  than  the  compressive  at  all  tem- 
peratures. Actually,  the  differences  between  the  two  moduli  are  greater  than 
those  Indicated  by  the  curves,  because  at  room  temperature  the  tensile  modulus 
is  higher  than  the  compressive. 

Examination  of  the  200°F  data  from  Individual  tests  of  cold  rolled 
titanium  sheet  material,  which  appears  in  Table  B-l6  (Appendix  B) , reveals 
that  for  many  properties  and  conditions,  test  results  were  widely  scattered. 

It  was  often  necessary  to  conduct  check  tests  to  determine  meaningful  aver- 
ages. In  employing  experimental  data  to  establish  design  information,  it 
is  important  to  be  aware  of  test  results  which  are  substantially  below  aver- 
age. The  tables  of  results  of  individual  tests  should  be  carefully  reviewed 
to  avoid  overemphasizing  the  significance  of  average  value  data. 

H.  Results  of  t'echanlcal  Properties  Tests  of  Annealed  Titanium 
at  200 °F 

The  average  values  of  properties  of  annealed  titanium  sheet  material 
at  200°F  are  presented  in  Table  6.  As  was  the  case  with  the  cold  rolled 
titanium,  these  results  were  used  in  conjunction  with  data  obtained  in  the 
first  phase  of  the  program  to  construct  graphs  which  illustrate  the  relation- 
ships between  various  mechanical  properties  and  temperature.  The  graphs  are 
shown  in  Figs.  26  to  29.  Two  curves  appear  on  each  graph,  one  for  each  of 
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Ultimate  Tensile  and  Shear  Stres 


Temperature , F 

ture  oh  the  tensile  and  compressive  moduli  of  elasticity  of  annealed  TITAl^ 


r 


the  two  exposure  conditions  under  which  tests  were  performed,  0.5  and  100 
hours.  Because  they  include  200 “F  data,  the  figures  presented  in  this  report 
supersede  those  appearing  in  Part  1 of  AF  Technical  Report  6517- 

In  general,  the  properties  of  annealed  titanium  exhibit  progressive 
decline  as  temperatures  increase.  However,  the  percentile  decreases  suf- 
fered by  the  various  properties  differ  widely  in  each  temperature  interval. 

The  properties  appear  to  correlate  very  poorly  in  this  respect. 

Temperature  exerts  far  greater  influence  on  annealed  titanium 
sheet  material  than  does  exposure  time,  at  least  for  the  two  periods  con- 
sidered. The  0.5-  and  100-hour  curves  in  most  cases  follow  the  seime  trend 
throughout  the  full  range  of  test  temperature,  but  they  Intersect  chaotically, 
which  indicates  that  exposure  for  a period  of  100  hours  produces  no  consist- 
ent effect. 

Curves  Illustrating  the  manner  in  which  the  tensile  and  compressive 
moduli  of  elasticity  vary  as  functions  of  temperature  are  shown  in  Fig.  29. 
Both  moduli  decrease  steadily  with  increasing  temperature.  Although  the 
tensile  modulus  is  greater  percentagewise  than  the  compressive  over  the 
range  of  temperatures  at  which  tests  were  performed,  the  actual  values  of 
the  two  moduli  were  almost  the  same,  because  at  room  temperature  the  com- 
pressive modulus  was  larger  than  the  tensile. 

Note  that  the  200‘’F  compressive  modulus  point  lies  well  away  from 
the  curve.  The  data  from  Individual  tests  presented  in  Table  B-IT  shows 
that  the  results  of  tests  of  annealed  titanium  sheet  were  widely  scattered 
for  many  conditions,  including  this  one.  Four  additional  compressive  tests 
were  needed  to  obtain  representative  values  for  compressive  yield  strength 
and  the  compressive  modulus  of  elasticity.  Values  of  the  latter  property 
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ranged  between  9-3  19.7;  the  extreme  values  were  not  included  in  the 

reported  averages,  of  course.  There  is  no  apparent  reason  for  the  extreme 
disparity  between  the  modulus  determined  by  the  200‘’F  experiments  and  the 
value  indicated  by  the  curve. 

Because  of  the  wide  variation  in  results  observed  under  certain 
test  conditions,  design  values  must  be  formulated  with  caution.  It  appears 
that  the  properties  of  the  titanium  material  from  which  test  specimens  were 
fabricated  were  not  the  same  at  all  areas  of  the  sheet. 

I.  Effect  of  Temperature  and  Exposure  Time  on  RC-130~A 
Titanium  Alloy 

The  average  values  of  mechanical  properties  of  RC-130-A  titanium 
alloy  sheet  material  are  presented  in  Table  7.  On  Figs.  30  through  32,  the 
properties  are  plotted  as  functions  of  exposure  time  for  various  temperatures. 
The  manner  in  which  the  tensile  and  compressive  moduli  of  elasticity  vary 
with  temperature  is  illustrated  by  Fig.  33*  Data  from  tests  conducted  at 
SOO’F  are  not  included  on  the  graphs  because  results  for  the  1000-hour  ex- 
posxare  condition  were  not  available  eeurly  enough  for  presentation  in  the 
report.  These  data,  together  with  the  results  of  tests  performed  at  lOOO^F 
for  all  exposxare  periods,  will  appear  in  the  reports  for  the  next  phase  of 
the  program. 

The  performance  of  the  RC-130-A  titanium  alloy  sheet  material  tested 
in  the  present  phase  of  the  program  was  extremely  erratic.  According  to  the 
sponsor,  the  sheet  from  which  test  specimens  were  fabricated  was  drawn  from 
one  of  the  first  lots  of  this  material.  Processing  techniques  had  not  been 
fully  developed  at  the  time  the  sheet  was  rolled.  They  have  been  much  im- 
proved since  that  time.  The  RC-I30-A  titanium  sheet  currently  being  produced 
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I BEARING  YIELD  STRENGTHS  OF  RC-I3O-A  TITANIUM  ALLOY 

i ' 
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Fig.  31  EFFECT  OF  TEMPERATURE  AND  EXPOSURE  TIME  ON  ULTIMATE  TENSILE  AND 
BEARING  STRENGTHS  OF  RC-I3O-A  TITANIUM  ALLOY 
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Fig.  32  EFraCT  OF  TEMPERATURE  AND  EXPOSURE  TIME  ON  ULTIMATE  TENSILE  .<1ND 
SHEAR  STRENGTHS  OF  RC-I3O-A  TITANIUM  ALLOY 
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is  reported  to  be  quite  satisfactory  from  the  standpoint  of  uniformity  of 
properties.^  For  this  reason,  the  data  presented  in  this  section  is  of 
questionable  applicability.  In  any  event,  no  conclusions  should  be  drawn 
until  the  data  from  individual  tests,  which  is  presented  in  Tables  B-l8 
through  B-22,  has  been  thoroughly  reviewed. 

Partly  because  the  experimental  results  were  erratic  and  partly 
because  tests  were  performed  for  only  three  exposure  periods,  the  effect  of 
exposiure  time  on  the  mechanical  properties  of  RC-130-A  titanium  is  difficult 
to  evaluate.  However,  the  properties  do  show  consistency  in  a few  particu- 
lars. Observe  from  the  curves  that  at  300“F,  all  properties  except  the 
ultimate  strength  of  3/l6-inch  material  are  lower  for  the  100-hour  exposure 
condition  than  for  either  the  0.5-hour  or  the  1000-hour  condition.  At  500“?, 
the  reverse  is  true;  all  properties  except  ultimate  shear  strength  are  high- 
er for  the  100-hour  condition  than  for  the  other  exposure  conditions.  No 
consistent  behavior  can  be  noticed  from  the  600*F  curves.  It  is  risky  to 
generalize  on  the  basis  of  data  of  this  kind,  but  indications  are  that  ex- 
posure time  exerts  no  gross  influence  on  the  properties  of  RC-I30-A  titanium 
in  the  temperature  range  from  78°  to  600°F. 

The  manner  in  which  the  properties  of  this  material  are  affected 
by  temperature  is  less  obscure.  At  300°F  properties  declined  from 

their  room  temperature  values;  they  became  further  reduced  upon  exposure  at 
500°F.  However,  at  600°F  the  tensile  and  compressive  yield  strengths  in- 
creased slightly  for  the  0.5-  and  1000-hour  exposure  conditions,  and  the 
bearing  yield  strength  returned  almost  to  its  room  temperature  value  after 

^It  is  planned  to  test  material  from  a more  recent  test  in  the  near 
f uture . 
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the  material  had  been  exposed  for  1000  hours  at  this  temperature.  For  all 
other  conditions,  exposure  at  600°F  caused  a further  reduction  in  mechanical 
properties.  The  tabulated  data  indicates  that  at  800°F  a general  decline 
again  took  place.  There  was  one  exception,  however;  for  the  100-hour  ex- 
posure condition,  the  ultimate  bearing  strength  exhibited  a significant  in- 
crease . 

The  tensile  and  compressive  moduli  of  elasticity  of  RC-130“A  tita- 
nivm  are  shown  as  functions  of  temperature  in  Fig.  33*  Almost  alone  among 
the  properties  of  this  material,  the  average  moduli  display  a distinct  and 
consistent  behavior.  Both  decline  progressively  as  temperatures  increase. 

The  compressive  modulus  decreases  more  percentagewise  than  the  tensile,  at 
least  in  the  range  from  78“  to  600“F.  The  actual  differences  between  the 
two  average  moduli  are  greater  than  those  indicated  by  the  curves  because 
the  tensile  modulus  is  slightly  higher  at  room  temperature  than  the  compres- 
sive. It  should  not  be  construed  from  the  smoothness  and  regularity  of  the 
modulus  curves  that  the  modulus  data  from  Individual  tests  were  comparably 
consistent.  In  many  cases,  widely  divergent  values  were  recorded.  To  pro- 
vide an  example  of  the  disparity  which  was  observed  in  the  results  for  some 
conditions,  one  stress-strain  curve  with  an  unusually  high  modulus  has  been 
included  in  Fig.  C-56. 

In  the  sections  describing  the  results  obtained  from  tests  of  cold 
rolled  and  annealed  titanium,  it  was  remarked  that  the  average  value  data 
for  those  materials  should  be  interpreted  with  caution.  This  admonition 
applies  with  special  emphasis  to  the  RC-I30-A  data.  Because  of  the  wide 
disparity  between  results  obtained  under  certain  conditions  in  the  tests 
originally  scheduled,  it  became  necessary  to  perform  a large  number  of  check 
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tests.  In  most  instances,  the  results  of  the  check  tests  furnished  enough 
information  to  establish  reasonably  reliable  average  values,  and  hence  to 
allow  removal  of  excessively  high  and  low  values  from  the  average  value  com- 
putations. However,  in  a few  cases,  the  check  tests  yielded  results  both 
higher  and  lower  than  any  of  the  values  previously  obtained,  which  were 
themselves  widely  scattered.  Needless  to  say,  averages  obtained  under  such 
circumstances  are  gravely  questionable. 

It  is  recommended  that  the  results  of  individual  tests,  which  are 
tabulated  in  Appendix  B,  be  reviewed  very  carefully.  For  some  conditions 
grossly  sub-standard  values  of  certain  properties  were  recorded.  Apparently 
the  sheet  from  which  test  specimens  were  fabricated  had  a number  of  weak 
areas.  Hence,  the  fact  that  data  was  closely  reproducible  for  certain  prop- 
erties and  conditions  does  not  indicate  that  the  recorded  averages  are  re- 
liable for  those  properties  and  conditions.  Stated  in  another  way,  the 
existence  of  wide  scatter  in  the  data  for  a few  properties  and  conditions 
compromises  the  validity  of  the  results  obtained  for  other  properties  and 
conditions . 

IX.  COMPARISON  OF  PROPERTIES  AT  VARIOUS  TEST  CONDITIONS 

In  Tables  2,  3>  > 6,  and  , the  elevated  temperature  properties  of 

the  materials  tested  in  the  current  phase  of  the  program  are  expressed  as 
percentages  of  room  temperature  values.  This  manner  of  presentation  facili- 
tates comparison  of  the  changes  which  take  place  in  different  properties  at 
each  temperature  and  exposure  condition.  If  simple  relationships  exist  be- 
tween the  properties,  they  will  be  disclosed  by  tabulations  of  this  kind. 

The  tables  have  been  examined  to  determine  whether  the  various  elevated 
temperature  properties  are  related  in  consistent  fashion.  In  particular. 


AF-TR-6517,  Part  3 


- 77  - 


the  tensile  data  were  compared  with  data  on  compressive,  bearing,  and  shear, 
in  the  hope  that  means  could  be  discovered  of  predicting  the  latter  proper- 
ties from  a knowledge  of  tensile  data  at  elevated  temperatures  and  compres- 


sive, bearing,  and  shear  properties  at  room  temperature. 

Dorn  (Reference  1)  found  that  the  relationship 

(TYS^^/TY3g^) 

agreed  satisfactorily  with  the  data  from  teats  performed  under  rather  spe- 
cialized conditions  at  temperature  up  to  this  equation, 

CYS  = Compressive  yield  strength  of  0.125-inch  bare  sheet 
1 

for  temperature  t^  at  any  time,  cross  grain 

CYSr,m  = Compressive  yield  strength  of  0.125-inch  bare  sheet 
K I 

at  room  temperature 

TYS  = Tensile  yield  strength  of  0.040-iach  clad  sheet  for 
1 

temperature  t^  at  any  time,  cross  grain 

TYS  = Tensile  yield  strength  of  0.040-inch  clad  sheet  at 
RT 

room  temperature. 

The  above  equation  simply  states  that  the  compressive  yield  strength 
changes  in  the  same  proportion  as  the  tensile  yield  strength.  If  this  re- 
lationship were  postulated  to  hold  for  other  properties  as  well,  its  gener- 
alized formulations  would  be  written  as  follows: 


TYS. 

CYS. 

BYS. 

^1 

^1 

^1 

tys^t 

■ ®^^RT 

UTS. 

UBS. 

uss. 

^1 

^1 

^1 

^RT 
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E E 

'( tensile)!^  (compressive) 

— _ — ’ ■ • 

(tensile)RT  (compresaive)RT 

The  tabulated  average  value  data  Indicates  that  these  equations  are  not 
valid,  in  general.  For  the  aluminum  materials,  they  appear  to  be  adequate 
for  a number  of  conditions  at  temperatures  up  to  However,  for  the 

other  materials,  they  do  not  agree  well  with  the  data,  even  at  relatively 
low  temperatures.  It  has  been  concluded  from  examination  of  the  test  re- 
sults in  this  and  previous  phases  of  the  program  that  the  relationships  be- 
tween the  properties  are  very  complex,  and  that  elevated  temperature  values 
cannot  be  predicted  accurately  by  using  room  temperature  results  as  a stand- 
ard. This  should  not  be  surprising,  because  the  states  of  stress  and  the 
mechanisms  of  failure  are  not  the  same  in  the  various  tests;  therefore,  it 
is  quite  unlikely  that  the  properties  are  related  in  a simple  way. 

X.  GENERAL  CONCLUSIONS 

Specific  conclusions  applicable  to  particular  materials  were  discussed 
previously  in  the  sections  summarising  the  test  results.  The  remarks  of 
this  section  apply  to  all  of  the  materials  tested,  unless  exceptions  are 
cited  expressly. 

1.  In  most  cases,  the  tensile,  compressive,  and  bearing  yield  strengths 
are  affected  in  the  same  general  fashion  by  exposure  to  elevated  temperatures. 
These  properties  decrease  as  temperatures  increase.  At  temperatures  in  ex- 
cess of  200°F,  they  also  tend  to  diminish  as  exposure  times  are  increased, 
except  in  the  case  of  the  titanium  materials,  for  which  no  distinct  pattern 
of  behavior  was  apparent, 

2.  The  ultimate  tensile,  bearing,  and  shear  strengths  respond  similarly 
upon  exposure  to  elevated  temperatures.  Like  the  yield  strengths,  they 
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diminish  with  increasing  temperature,  and,  the  titanium  materials  excepted, 
they  also  diminish  with  increased  time  of  exposure  when  temperatures  are 
over  200°F. 

3.  Exposure  at  elevated  temperatures  affects  the  yield  strength  and 
ultimate  strength  of  a given  material  in  the  same  way. 

The  tensile  and  compressive  moduli  of  elasticity  decrease  as  the 
temperature  increases,  but  usually  not  at  the  same  rate.  The  rates  do  not 
differ  greatly,  however. 

5.  Exposure  time  does  not  appear  to  affect  the  moduli  of  elasticity  in 
a consistent  manner, 

6.  While  the  physical  properties  of  the  aluminum  materials  can  be  es- 
timated for  some  conditions  within  a limited  temperature  range  by  calcula- 
tions based  on  the  complete  tensile  data  and  knowledge  of  the  other  properties 
at  room  temperature,  the  test  results  indicate  that,  in  general,  elevated  tem- 
perature mechanical  properties  cannot  be  predicted  by  any  simple  method. 
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APPENDIX  A 

TEMPERATURE  DISTRIBUTION  THROUGHOUT  TEST  SPECIMENS 
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Table  B-U 


RESULTS  OF  TENSILE  TESTS  OF  3A6-IN.  11iS-T6  AUJMINUM  ALLOY  SHEET  MATERIAL 

AT  ELEVATED  TEMPERATURES 


Time 

Ultimate  Tensile  Stress, 

psi 

hr 

78*F 

200®F 

300®F 

U00®F 

5oo®f 

600 ®F 

68,700 

66,000 

65,000 

62,000 

50,200 

U2,100 

0.5 

69,300 

67,000 

6h,000 

59,000 

- 

U2,800 

67,900 

67,000 

6U,000 

61,000 

U6,hOO 

U3,850 

Ave. 

66,700 

6U,300 

61,000 

U8,300 

U2,900 

68,300 

67,000 

6U,000 

57,000 

28,UOO 

28,500 

2 

70,200 

66,000 

6U,000 

58,000 

33,900 

29,150 

68,500 

67,000 

6U,000 

61,000 

32,500 

28,250 

Ave, 

68,800 

66,700 

6h,000 

59,000 

31,600 

28,600 

68,000 

6U,000 

Ui,ooo 

26,h50 

23,850 

10 

66,000 

6U,000 

Ui,ooo 

23,250 

19,350 

67,000 

6U,000 

Ui,ooo 

25,200 

20,500 

Ave. 

67,000 

6U,000 

Ui,ooo 

25,000 

21,200 

66,000 

63,000 

33,000 

21,700 

13,250 

100 

67,000 

63,000 

3U,000 

22,800 

15,600 

67,000 

63,000 

32,000 

2b,500 

21,900 

Ave, 

66,700 

63,000 

33,000 

23,000 

18,600 

68,000 

57,000 

28,000 

27,U50’ 

16,900 

1000 

68,000 

58,000 

29,000 

26,750 

^a  19,U00 

68,000 

57,000 

28,000 

26,150 

16,950 

Are. 

68,000 

57,300 

28,300 

26,800^ 

' 17,750 

Questionable  values. 
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Table  B-5 

RESULTS  OF  SHEAR  TF.STS  OF  1US-T6  ALUMINUV  AILOI  SHEET  L'ATERUL 

AT  ELEVATED  TEMPERATURES 


Time, 

Ultimate  Shear 

Stress,  psi 

hr 

78°F 

200*^ 

300°F 

U00°F 

5oo®f 

600 ®F 

39,900 

Ul,300 

36,300 

29,800 

16,200 

9,000 

0.5 

U2,800 

Ul,200 

33,900 

30,600 

16,100 

8,900 

U3,100 

U2,5oo 

37,700 

31,000 

15,300 

9,200 

Ave. 

Ul,700 

37,600 

30,500 

15,900 

9,000 

U3,U00 

UOjOOO 

36,h00 

27,100 

11,100 

6,500 

2 

U2,Uoo 

Uo,5oo 

37,300 

27,800 

11,100 

6,500 

U2,200 

U0,200 

36,200 

27,000 

11,300 

6,900 

Ave  • 

U2,300 

U0,200 

36,600 

27,300 

11,200 

6,600 

U2,000 

36,300 

20,600 

8,500 

5,800 

10 

U0,900 

36,200 

19,600 

8,700 

5,300 

39,900 

39,500 

21,200 

9,300 

5,800 

Ave. 

U0,900 

37,300 

20,500 

8,800 

5,600 

U0,800 

3U,900 

15,300 

7,800 

5,700 

100 

Uo,6oo 

33,500 

U,800 

8,600 

6,500 

U0,800 

35,100 

15,100 

7,700 

6,800 

AT8, 

U0,700 

3U,500 

15,100 

8,000 

6,300 

Ul,200 

31,900 

12,800 

8,700 

6,850 

1000 

’i0,700 

31,900 

12,200 

8,100 

5,800 

U0,700 

31,600 

iu,300 

7,800 

6,000 

Ave. 

U0,900 

31,300 

13,100 

8,200 

6,200 

Table  B-6 
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^Queaticaiable  value. 


Table  B-7 


RESULTS  OK  COMPRESSIVE  TESTS  OF  2US-T81  CIAD  AILUINL'U  AULY  3HEF;T  MATERUL  AT  '^LEVATED  TEMPERATURES 


78“F 

200 °F 

300°F 

800 “r 

TIeia 

TiiDo  Compressive 
hr  Strength 1 

Compressive 
Modulus  of 
Elasticity, 

TOia 

Compressive 

Strength, 

Compressive 
Modulus  of 
Elasticity, 

Yiiia 

Coipresslve 

Strength, 

Compressive 
Modulus  of 
Elasticity, 

Tibia 

Compressive 

Strength, 

Compressive 
Modulus  of 
Elasticity, 

psl 

10^  pai 

psl 

10^  psl 

psi 

10^  psl 

psl 

10^  psl 

- 

10.9 

60,800 

10.0 

57,700 

12.9* 

53,000 

10.2 

0.5 

71,000 

10.5 

62,000 

10.1 

59,900 

10.1 

83,600* 

7.1* 

- 

10.0 

62,300 

10.1; 

61,300 

10.1 

50,300 

10.7 

67,800 

11.2 

69,000 

10.6 

69,UOO 

10.1 

Avc  • 

69,300 

10.6 

61,700 

10.2 

59,600 

10. 1 

51,700 

10.8 

63,500 

114.0® 

60,350 

9.5 

89,300 

10.8 

2 

63,200 

11.0 

61,000 

9.5 

83,600 

10.1 

63,UOO 

10.5 

60,150 

9.8 

88,300 

11.7* 

Avc, 

63,U00 

10.6 

60,500 

9.5 

89,100 

10.2 

6U,000 

3.9® 

58,300 

9.6 

85,200 

11.0 

10 

63,000 

10.8 

55,200 

10.9 

83,300 

10.3 

63,000 

10.1 

53,300 

10.1 

86,000 

u.c 

83,000 

3.8* 

87,600 

9.7 

Ave. 

63,300 

10.  u 

57,800 

10.3 

87,650 

10.7 

63,100 

10.1 

59,000 

10.6 

33,600 

10.2 

100 

53,500 

11.1 

59,350 

10.1 

80,300 

12.6* 

60,000 

lo.lj 

60,600 

9.7 

82,300 

8.9 

82,900 

8.3 

Ave. 

62,300 

10.6 

59,700 

10.1 

80,050 

9.1 

63,500 

10.9 

56,200 

9.8 

28,100 

11.0 

1000 

67,500® 

11.1 

52,900 

9.3 

23,900 

10.8 

61,100 

10.3 

56,500 

9.7 

27,900 

9.9 

Ave. 

62,300 

10.3 

55,200 

9.5 

23,300 

10.6 

inclM^ed  \v  avpre^- 
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Table  B-8 


RESULTS  OF  BEARING  TESTS  OF  2US-T81  CIAD  ALUMNim  ALLOY  SHEET  MATERIAL 


AT  ELEVATED  TEMPERATURES 


Tims 

hr 

78®F 

200®F 

300°F 

U00®F 

Yield  Ultimate 
Bearing  Bearing 
Strength,  Strength, 
psi  psi 

Yield  Ultimate 
Bearing  Bearing 
Strength,  Strength, 
psi  psi 

Yield  Ultimate  Yield  Ultimate 
Bearing  Bearing  Bearing  Bearing 
Strength, Strength,  Strength,  Strength, 
psi  psi  psi  psi 

90,000 

101,000 

87,000  101,500 

8U,500 

95,000 

73,000 

81,200 

0.5 

93,000 

102,000 

88,500  101,600 

85,000 

9U,U00 

75,500 

83,100 

88,000  101,300 

85,200 

92,700 

7U,500 

82,200 

Ave. 

87,800  101,500 

8U,900 

9U,0C0 

7U,U00 

82,200 

91,000 

103,000 

90,000  101,100 

82,500 

93,800 

71,500 

78,800 

2 

91,500 

10U,000 

90,000  100,200 

82,800 

92,800 

70,500 

77,500 

90,500 

105,000 

89,000  100,800 

83,500 

9U,100 

75,000 

83,000 

Ave. 

91,200 

103,000 

89,700  100,700 

82,900 

93,600 

72,300 

79,800 

90,000  100,800 

8U,200 

93,600 

6U,800 

73,100 

10 

88,000  100,500 

81,500 

93,100 

65,800 

73,100 

87,000  10U,900 

82,200 

9U,70O 

62,500 

69,700 

Ave, 

88,U00  102,100 

82,600 

93,800 

6U,U00 

72,000 

87,000  100,500 

85,000 

95,900 

58,500 

65,600 

100 

86,500  99,800 

85,500 

9U,700 

5U,800 

6U,100 

88,000  100,200 

81,500 

90,500 

56,000 

62,800 

Ave, 

87,200  100,200 

8U,000 

93,700 

56,Uoo 

6U,200 

89,200  101,100 

82,UOO 

93,100 

U8,000 

57,800 

1000 

89,800  100,800 

82,000 

93,800 

U;,000 

59,100 

89,000  102,000 

86,000 

9U,500 

Ave, 

89,300  101,300 

83,500 

93,300 

U6,000 

58,U00 
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Table  B-9 


RESULTS  OF  SHEAR  TESTS  AND  TENSILE  TESTS  OF  3/16-INCH  2l4S-T3l  ALUMLNUU  ALLOY 

SHEET  AT  ElEVATED  TEMPERATURES 


SHE 

A R 

TENSION  (3/16-IN.  SHEET) 

78°F 

200“F 

300°F 

liOO°F 

78° 

200°F 

300°F 

l400°F 

1 

Tine 
hr  ! 

Jltimate 

Shear 

Strength, 

pel 

Ultimate 
Shear 
Strength , 
psi 

Ultimate 

Shear 

Strength, 

psi 

Ultimate 

Shear 

Strength, 

psi 

Ultimate 

Tensile 

Strength, 

psi 

Ultimate 

Tensile 

Strength, 

psi 

Ultimate 

Tensile 

Strength, 

psi 

Ultimate 

Tensile 

Strength, 

psi 

U0,900 

39,700 

35,500 

33,300 

67,600 

67,000 

65,600 

62,600 

0.5 

U0,900 

39,200 

36,100 

32,000 

68,700 

67,500 

614,1400 

6U,200 

U0,900 

39,000 

35,500 

32,300 

68,UOO 

65,300 

66,000 

63,700 

Av0. 

39,300 

35,700 

32,500 

66,800 

65,300 

63,500 

39,500 

35,500 

32,500 

63,900 

66,700 

65,600 

62,1400 

2 

IM 

37,900 

35,300 

32,000 

69,000 

66,800 

63,900 

63,600 

Ui.loo 

39,000 

35,200 

32,000 

67,500 

65,800 

63,900 

62,600 

Ave, 

h0,800 

33,300 

35,300 

32,200 

68,1400 

66,1400 

614,500 

62,900 

33,700 

3U,900 

29,100 

66,900 

63,300 

58,800 

10 

37,900 

35,300 

30,U0O 

65,500 

65,000 

57,900 

39,800 

37,000 

23,200 

66,300 

6U,30O 

59,200 

Ave, 

38,300 

35,700 

29,200 

66,200 

6U,l400 

58,600 

37,800 

36,600 

26,600 

66,UOO 

65,200 

51,600 

100 

39,000 

38,900 

27,300 

66,500 

614,500 

51,000 

38,800 

37,700 

25,900 

65,800 

65,500 

50,700 

Ave, 

38,500 

37,700 

26,600 

66,200 

65,100 

51,100 

38,900 

3U,300 

20,770 

63,1400 

6U,200 

Ul,800 

1000 

38,000 

314,600 

22,510 

68,000 

63,1400 

39,100 

37,800 

3U,550 

21,660 

66,700 

63,1400 

38,300 

Ave, 

38,200 

314,500 

21,600 

67,700 

63,700 

39,700 
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*Not  included  in  average 
^Questionable  value. 


Table  B-12 


RESULTS  OF  BEARING  TESTS  OF  2I4S-T86  CLAD  ALUMINmi  ALLOY  SHEET  MATERUL 

AT  ELEVATED  TEMPERATURES 


78®F 

200®F 

300°F 

U00°F 

Time 

hr 

Yield  Ultimate 
Bearing  Bearing 
Strength,  Strength, 
psi  psi 

Yield  Ultinate 

Bearing  Bearing 
Strength, Strength, 
psi  psi 

Yield  Ultinate 
Bearing  Bearing 
Strength,  Strength, 
psi  psi 

Yield  Ultimate 

Bearing  Bearing 
Strength,  Strengtl^ 
psi  psi 

96,000 

109,000 

96,500 

110,000 

9U,000 

106,200 

83,500 

91,000 

0.5 

lOUjOOO 

117,000 

97,500 

111,000 

9h,500 

103,200 

80,000 

86,500 

101,000 

113,000 

98,000 

110,500 

9U,000 

106,000 

81,000 

88,300 

Ave. 

97,300 

110,500 

9U,150 

105,100 

81,500 

89,600 

95,500 

113,000 

95,000 

108,800 

91,000 

103,000 

76,500 

8U,000 

2 

101,000 

113,000 

99,500 

112,000 

91,000 

102,500 

71,500 

80,300 

99,000 

113,000 

90,500 

103,700 

91,500 

101,000 

72,000 

80,000 

Ave. 

100,200 

113,000 

95,000 

108,150 

91,150 

102,150 

73,300 

8l,UOO 

96,000 

112,000 

91,000 

102,000 

66,500 

7U,000 

10 

97,000 

112,500 

92,000 

103,000 

63,500 

73,200 

98,500 

110,500 

9h,000 

106,000 

65,000 

71,500 

Ave. 

97,200 

111,650 

92,300 

103,650 

65,000 

72,900 

9li,000 

108,500 

92,500 

103,500 

61,000 

70,700 

100 

9h,5O0 

107,500 

91,000 

101,000 

59,000 

67,000 

98,000 

108,000 

9U,000 

105,500 

61,000 

69,500 

Ave. 

95,500 

108,000 

92,500 

103,300 

60,300 

69,050 

93,000 

105,000 

8U,000 

91*,  500 

50,000 

57,300 

1000 

98,000 

113,000 

83,500 

95,100 

U5,ooo 

53,300 

100,000 

111,500 

82,000 

92,800 

Ui,500 

53,900 

Ave. 

97,000 

109,800 

83,150 

9U,100 

U6,500 

5U,8oo 
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Table  B-13 


RESULTS  OF  SliEAR  TESTS  AND  TENSILE  TESTS  OF  3/16-INCH  2Us-T86  ALUMINUM  ALLOY 

SHEET  AT  ELEVATED  TEilPERATURES 


Shear 

Test 

Tensile 

Test  (3 /16-in.  Sheet) 

Time 

hr 

Ultimate  Shear 

strength,  f 

>si 

Ultimate 

Tensile 

Strength, 

pei 

300°F 

Uoo'^F 

500®F 

U00°F 

UljOOO 

37,600 

7h,200 

72,600 

71,100 

67,800 

0.5 

m 

U2,900 

Ul,900 

35,500 

73,600 

75,hOO 

71,h50 

69,650 

UU,500 

U3,500 

UOjLib'O 

37,800 

75,300 

73,650 

71,200 

70,950 

Ave . 

U3,100 

hi, 100 

37,000 

73,900 

71,250 

69,h50 

U5,6oo 

U3,700 

39,700 

32,300 

7h,200 

7h,100 

71,150 

68,750 

2 

Ul4,300 

U3,350 

Uo,o5o 

32,000 

75,600 

72,hOO 

71,600 

69,350 

U5,700 

U3,650 

ho, 300 

32,300 

75,700 

72,650 

72,150 

67,750 

1 

Ave.  1 

U5,300 

U3,200 

hOjOOO 

32,hOO 

7h,850 

73,050 

71,600 

68,600 

U3,630 

h3,500 

27,hOO 

73,700 

71,750 

60,050 

10 

U2,2UO 

U3,h50 

27,250  1 

72,550 

71,750 

59,200 

U3,680 

hi,  600 

27,650 

7h,000 

69,350 

57,900 

Ave. 

U3,200 

h2,600 

27,h00 

73,hOO 

71,000 

59,050 

U3,200 

hl,200 

26,500 

7h,600 

70,200 

5h,950 

100 

hi, 750 

h2,100 

26,000 

7h,900 

71,250 

53,850 

UU,360 

hl,800 

25,350 

7h,100 

69,550 

51,950 

Ave. 

U3,100 

hi, 700 

26,100 

7h,500 

70,300 

53,600 

U2,U00 

35,270 

19,100 

75,300 

66,000 

39,250 

1000 

UU,U00 

3h,6lO 

19,000 

76,050 

67,300 

37,650 

UUjOOO 

35,270 

18,600 

75,250 

66,900 

hO,750 

Ave. 

U3,600 

35,000 

18,900 

75,500 

66,700 

39,200 
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1 


Ave.  55,500  65,1.00  9.2  61;,Q00 

^Not  included  in  average. 


Table  B-l6 

BESULTS  of  TESK  of  COU)  ROaED  TITARIUU  SHEET  BllERIAL  AT  200°F 
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Table  3-17 

ANNEALED  TITANIUM  SHEET  MATERIAL  AT  200®F 
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Table  B-21 


RESULTS  OF  SHEAR  TESTS  OF  RC-150-A  TITANIUM  ALLOY  SHEET  MATERIAL 

AT  ELEVATED  TEMPERATURES 


Time 

Ultimate 

Shear  Strength,  psi 

hr 

73®F 

300®F 

5oo®f 

600 °F 

800 ®F 

92,000 

89,500 

85,900 

81,200 

67,650 

0.5 

97,300 

87,000 

75,300 

79,500 

75,100 

108, UOO 

91,700 

81,200 

73,200 

68,h50 

iou,30o 

72,700 

76,500 

102,800 

95,100 

77,300 

Ave, 

101, hoo 

89, hoo 

82,000 

77,500 

70, hoo 

85,800 

79,500 

7h,200 

70,600 

100 

85,600 

83,000 

78,300 

69,500 

92,100 

79,500^ 

79,900 

7h,600 

7h,300 

91,300 

96,000^ 

Ave  • 

83,700 

80,800 

75,700 

71,h50 

92,750 

83,000 

90,750^ 

Data  for  this  condition 

1000 

86,650 

81,500 

79,700 

were  not  available  in 
time  for  publication  in 

90,600 

7i,Uoo 

76,350 

the  report.  They  will 
be  presented  in  the  re- 

Ave. 

90,000 

80,300 

78,000 

ports  for  the  next  sup- 
plement of  the  prof^rain. 

^Jot  included  : 

Ln  average . 

Note 

: Tests  were  performed  at 

1000°F  for 

all  exposure  periods 

appearing  in 

this  table 

• The  results  of  these 

tests  will 

be  presented 

in  future 

reports. 
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Table  B-22 


RESULTS  OF  TENSILE  TESTS  OF  3/16-IKCH  RC-130-A  TITANTUW  ALLOY  SHEET  MATERIAL 

AT  ELEVATED  TEMH-RATURES 


Time 

Ultimate  Tensile  Strength, 

psi 

hr 

78*^ 

300°F 

500®F 

600 ®F 

800 ®F 

139,600 

116,900 

106,850 

103,300 

91,200 

0.? 

137,700 

llil,UOO 

1U2,U00 

113, UOO 

106,700 

99,000 

91,800 

Ave . 

11^0,300 

115,160 

106,800 

101,150 

91,500 

118, UOO 

11U,900 

112, U50 

10U,150 

100 

11U,000 

112,750 

111,U80 

105, UOO 

Ave. 

116,200 

113,800 

111,950 

10U,750 

118,800 

115,600 

1U5,U80 

Data  for  this  condition 

1000 

115,100 

106, U50 

130,100 

?rere  not  available  in 
time  for  publication  in 
the  report.  They  will 
be  presented  in  the  re- 
ports for  the  next  sup- 

Ave. 

116,950 

111,000 

137,800 

plement  of  the  program. 
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Fig.  D-21  TANGEJJT  MODULUS  VS  COMPRESSIVE  STRESS  OF  RC-130-A  TITANIUM 
ALLOY  AT  ^00°F  FOR  VARIOUS  EXPOSURE  TIMES 
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PREVIOUS  REPORTS  ISSUED  UNDER  CONII^CT  NO.  AF33(038) -968l 


I.  AP  Technical  Report  6^17,  Part  "Determination  of  Physical  Properties 
of  Nonferrous  Structural  Sheet  Materials  at  Elevated  Temperatures,"  December 
1951. 

This  report  presents,  tabular  and  graphical  form,  data  from  tests  of 
the  sheet  materials  listed  below  for  the  indicated  temperature  and  exposure 
conditions . 


Material 

Temperature , °F 

Exposure  Time,  1 

br 

2US-T3  Aluminum  Alloy 

78, 

212, 

300, 

400, 

500, 

0, 

.5, 

2,  10, 

100, 

1000 

600 

. 700 

75S-T6  Aluminum  Alloy 

78, 

300, 

400, 

500, 

600 

0, 

.5, 

0 

OJ 

100, 

1000 

FS-lH  Magnesium  Alloy 

78, 

300, 

0 

0 

500, 

600 

0, 

.5, 

2,  10, 

100, 

1000 

MH  Magnesium  Alloy 

78, 

300, 

0 

0 

0 

0 

600 

0, 

.5, 

2,  10, 

100, 

1000 

Annealed  Titanium 

78, 

0 

0 

V 

600, 

600, 

1000 

0, 

.5, 

100 

Cold  Rolled  Titanium 

78, 

uoo. 

600, 

800, 

1000 

0, 

.5, 

100 

For  each  of  the  above  conditions,  data  on  the  following  properties  of 
0.064-inch  sheet  is  presented  in  tabular  form: 

1.  Compressive  Yield  Stress  (0.2^  offset) 

2.  Modulus  of  Elasticity  in  Compression 

3.  Bearing  Yield  Stress 

U.  Ultimate  Bearing  Stress 

5.  Tensile  Yield  Stress  (0.2^  offset) 

6.  Tensile  Ultimate  Stress 

7.  Modulus  of  Elasticity  in  Tension 

Tabulated  data  on  two  properties  of  specimens  cut  from  3/l6-inch  sheet  is 
also  included; 
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8.  Ultimate  Tensile  Stress 

9.  Ultimate  Shear  Stress  of  0.125-inch  Diameter  Specimen 

Numerous  graphs  are  presented  which  Illustrate  the  variation  of  these 
properties  as  functions  of  temperature  and  exposure  time.  A tangent  modulus 
versus  compressive  stress  curve  is  also  Included  for  each  test  condition. 

II.  AF  Technical  Report  651? j Supplement  1,  "Determination  of  the  Physical 
Properties  of  Ferrous  and  Nonferrous  Structural  Sheet  Materials  at  Elevated 
Temperatures,"  March  1952. 

This  volume  presents  typical  tensile  and  compressive  stress-strain  curves 
Eind  bearing  stress-deformation  curves  for  the  materials  and  conditions  covered 
in  AF  Technical  Report  651?,  Part  1.  One  curve  is  drawn  for  each  test  condition. 

III.  AF  Technical  Report  6517 > Part  2.  "Determination  of  the  Physical  Proper- 
ties of  Ferrous  and  Nonferrous  Structural  Sheet  Materials  at  Elevated  Tempera- 
tures," December  1952. 

This  report  contains  data  in  tabular  and  graphical  form  from  tests  of  the 
sheet  materials  listed  below  for  the  indicated  temperature  and  exposure  condi- 
tions . 

Materials  Temperature,  °F  Exposxrre  Time,  hr 


XAT8s-t6  Aluminum  Alloy 

CO 

212, 

0 

0 

0 

0 

500,  600 

0.5, 

2, 

10, 

100,  1000 

FS-la  Magnesium  Alloy 

78, 

0 

0 

0 

0 

500, 

600 

0.5, 

2, 

10, 

100,  1000 

SAE863O  Alloy  Steel, 
125,000  psi  tensile 

78, 

uoo. 

600, 

800, 

1000,  1200 

0.5, 

2, 

10, 

100 

180,000  psi  tensile 

78, 

uoo. 

600, 

800, 

1000,  1200 

0.5, 

2, 

10, 

100 

SAE4130  Alloy  Steel 

78, 

0 

0 

600, 

800, 

1000,  1200 

0.5, 

2, 

10, 

100 

302  Stainless,  Annealed 

78, 

0 

0 

600, 

800, 

1000,  1200 

0.5, 

2, 

10, 

100 

301  Stainless,  Half -Hard 

78, 

400, 

600, 

800, 

1000,  1200 

0.5, 

2, 

10, 

100 
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For  each  of  the  above  conditions,  data  on  the  following  properties  of 

0.064-inch  sheet  is  presented  in  tabular  form; 

1.  Compressive  Yield  Stress  (0.2%  offset) 

2.  Modulus  of  Elasticity  in  Compression 

3.  Bearing  Yield  Stress 

4.  Ultimate  Bearing  Stress 

5.  Tensile  Yield  Stress  (0.2%  offset) 

6.  Tensile  Ultimate  Stress 

7.  Modulus  of  Elasticity  in  Tension 

Tabulated  data  on  two  properties  of  specimens  cut  from  3/lu-inch  sheet  is 
also  included; 

8.  Ultimate  Tensile  Stress 

9.  Ultimate  Shear  Stress  of  0.125-inch  Diameter  Specimens 

Idle  report  contains  graphs  which  show  the  variation  of  the  above  prop- 
erties as  functions  of  temperature  and  exposure  time.  In  addition,  a typical 
tangent  modulus  versus  compressive  stress  curve,  compressive  stress-strain 
curve,  tensile  stress-strain  curve,  and  bearing  stress-deformation  curve  is 
presented  for  each  test  condition. 

DEM/edit  / Icf 
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Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHEN  H'  HAS  SF^RVE, 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requestt  rs.  Your  c.ocperatirn 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS.  SPECIHCATIONS  OR  O;  rf£R  X?ATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WTTH  «.  DEFINITEI 7 RElrATF.r 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT'  THERI:Di  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER:  AND  THE  FACT  TEAT  THF; 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSD:G  THE  HC*L>;'.R  OR  AKY  OTKEL 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTUI  E 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WA,Y  i. ELATED  THERETO 
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